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ABSTRACT 


The development and firat obaervationa of the partial-reflection drifta 
experiment at Urbana, lllinoia (40*N) are deacribed. The winda data from 
the drifta experiatent are compared with electron concentration data obtained 
by the dif ferential-abaorption technique to atudy the poaaible meteorologi- 
cal cauaea of the winter &aomaly in the meaoaphere at midlatitudea . Winda 
data obtained by the meteor-radar experiment at Urbana are alao compared 
with electron concentration data meaaured at Urbana. A significant correla- 
tion ia ahown in both ceiea between aouthward winAa and increaaing electron 
concentration meaaured at the aame location during winter. 

The poaaibility of atratoapheric/meaoapheric coupling ia investigated 
by comparing ratellite-wfaaured 0.4 mbar geopotential data with mesospheric 
electron co^r^^ntraiioi. data. No significant coupling was observed. 

The winds measured at Saskatoon, Saskatchewan (S2°N) are compared with 
the electron concentrations measured at Urbana in an effort to establish a 
transport path from the auroral zone to Urbana. No constant fixed relation- 
ship is shown, buv'. significant correlations are shown for short segments of 
the winter. A significant coherence is observed at discrete frequencies 
during segments of the winter. 


Iv 

TABLE OF CONT1MT8 

ABSTRACT 

TABLE OP CONTENTS 

LIST OP TABLES 

LIST OP FIGURES 

1. INTRODUCTION 1 

1.1 The Winter Anomaly in the D Region, ..*<••• 1 

1.2 Experimental Teohniquee ^ 

1.3 Unique Aepeote of the PartiaU Re flection Syetem at Urbana , , 8 

1 .4 Scope and Purpoee of Thie Study 8 

2. THEORY OF THE PARTIAL-BEPLECTION EXPERIMENT 10 

2.1 Generalized Magnetoionio Theory 10 

2.2 Differential-Abeorption Theory 12 

2.3 Drifte Experiment Theory, 18 

3. SYSTEM DESCRIPTION 30 

3.1 System Requirements 30 

3.2 Partial -Re flection Syetem at Urbana 31 

3.2.1 Transmitting equipment 33 

3.2.2 Receiving equipment 23 

3.2.3 Antenna system 34 

3. 2. 3.1 Modifications tnade to the receiving array to 

implement the drifte experiment 34 

3. 2 .3. 2 The drifte experiment quadrant switching 

circuitry ...... ^ 

3.2.4 Microprocessor timing and convrol equipment, ..... 43 

3.3 Data Acquisition Syetem ^0 

3.3.1 Differential-absorption data collection programs ... 51 


V 


3.3,2 Dvifta data aollaotion programe 55 

4. DATA-ANALYSI8 TECHNIQUES 60 

4.1 Anatyeis of Differential-AboofpHjn Data* 60 

4.2 Analyaie of Drifte Data 61 

4.2.1 Noise r^.iuotion methods 63 

4.2.2 D'^fto data analysis programs 67 

5. CHARACTERISTICS OF ELECTRON CONCENTRATIONS AND HINDS MEASURED 

AT URBANA 80 

5.1 Day-to-Day Variations in Electron Concentrations 80 

3.2 Data Collection Schedules 82 

5.3 Characteristics of Electron Concentration and Wind 

Measurements Made During the Winter of 1978/1979 84 

5-4 Characteristics of Electron Concentration and Wind 

Measurements Made During the Winter of 1979/1980 ....... 86 

5.5 Characteristics of Electron Concentration and Wind 

Measurements Made During the Winter of 1980/1981 ....... 86 

6. COMPARISONS OF £LECTRON CONCENTRATIONS AND PARTIAL-REFLECTION 

DRIFTS WINDS 90 

6.1 Introduction 90 

6 .2 Observations From the Winter of 1978/1979 91 

6.3 Observations From the Winter of 1979/1980 105 

6.4 Observations From the Winter of 1980/1981 1C5 

6.5 Suimary 112 

7. COMPARISONS OF ELECTRON CONCENTRATIONS AND METEOR RADAR HINDS 

AT URBANA 113 

7.1 Introduction, 113 

7.2 Meteor Radar Technique 114 



vl 

7.3 Reaulte 115 

8. INVESTIGATION OF PLANETARY WAVE ACTIVITY 121 

8.1 Review of Planetary Wai'e Theor>‘ 121 

8.2 Previous Obeervatione of Rosoby Waves in the Mesosphere . . . 125 

8.3 Observations of Rossby Wave Activity fron, Electron 

Concentration Variability 128 

8.4 Investigation of Stratospheric-Mesospheric Coupling using 

Satellite Data 135 

8.<k.l Introduction 135 

8.4.2 Results 138 

9. COMPARISONS OF MEASUREMENTS MADE AT SASKATOON AND URBANA 149 

9.1 Introduction 149 

9.2 Characteristics of Saskatoon Winds Data 149 

9.3 Comparison of Data. . 150 

9.4 Investigations of Coupling between the Two Stations due to 

Rossby Waves 166 

10. SUMMARY O'^ CONCLUSIONS AND SUGGESTIONS FOR FUTURE WORK 177 

10.1 Swnnary 177 

10.2 Suggestions for Future Work 179 

APPENDIX I SEN-WYLLER FORMULA FOR REFRACTIVE INDEX 180 

APPENDIX II SEMICONDUCTOR INTEGRAL AFPROXIMiVTIONS 183 

APPENDIX III ASSUMED COLLISION-FREQUENCY PROFILE 184 

APPENDIX IV DESCRIPTION OF DRIFTS WIND PROCESSING SUBROUTINE BRIGGS. 185 

APPENDIX V COMPUTER PROGRAMS 190 

APPENDIX VI CALCULATION OF SIGNIFICANCE LEVELS 212 

REFERENCES 213 



vli 


LIST OF TABLES 

Tablefl Page 

3.1 Menu of puleevidthe end interpulee periods svsilsble in 

the program TIMOD . 48 

3.2 Pin connections on the PDP-13 computer digital input/output 

interface, card A14. SO 

3.3 Partial reflection drifts data collection programs 37 

4.1 Drifts processing programs for data files collected by 

DRIFTL or DRIFTH data collection programs 69 

5.1 Data collection schedule for the winter of 1978/1979 83 

3.2 Data collection schedule for the winter of 1979/1980 87 

3.3 Data collection schedule for Fall 1980 through Suauner 1981 . . 88 


7.1 Correlation coefficient matrix of meteor radar N/S winds 

(northward positive) a'id the A JA ratio at 81 km. The 

X o 

significance levels are shown in parenthesis, and the length 

of shift refers to the number of days that the A jA data 

X o 

are delayed 119 

8.1 Rossby periods for equivalent depths of 9.9 and 6.3 km and 

several horiz.ontal modes (m,n) (after SALBY and ROPER, 1980) . 126 

8.2 Periods of waves observed in the power spectra of electron 


concentrations measured at three altitudes 


130 


vlli 

LIST OF FIGURES 

Figure Page 

1.1 Rockat electron-density profiles coopering suseser values with 
norosl end anomalous vinter electron densities (froo SECHRIST 

at al.. 1969) 3 

1.2 (a) Map of nitric oxide concentration measured during August 

1974 (b) Map of nitric oxide during mid-January through mid- 
February 1974 (CRAVENS and STEWART, 1978 3 

2.1 Arrangement of receiving antennas 19 

2.2 Contours of constant A. (a) Within x and t coordinates. 

(b) Within x and t coordinates but origin moved along with 

velocity V, (c) Within x and V^t coordinates (from BRIGGS 

et al., 1930) 22 

2.3 (a) (x, l^^t) diagran after omitting the contours, (b) Auto- 
and cross-correlation functions, (c) Correlation ellipse 

in the (d,x) plane (from BRIGGS et al., 1930) 24 

2.4 Geometry of full correlation analysis. . 28 

3.1 Block diagm c£ the partial-reflection system 32 

3.2 Partial-reflection antenna arrays at the Aeronomy Laboratory 

Field Station 35 

3.3 Intended antenna quadrant arrangement of the partial- 

reflection drifts antenna 36 

3.4 Physical arrangement of typical quadrant of 'drift* .eceiving 
antenna. Dashed lines indicate 500 coaxial feeder lines. 

Center box contains two matching transformers for two center 
dipoles as well as two power combiners 37 

3.5 First system of matching and combining of in-phase signal 



lx 


comfoncntt fron parallel quadrant dipolaa, Tha X Caadar 

line aectiona corraapond to tha daahad (coaxial) linaa in 

Figure 3.4 ... 39 

3.6 Final ayataai of matching and combining of in-phaae aignal 
coaponanta from parallel quadrant dipolaa. The X feeder 
line aectiona corraapond to tha daahad (coaxial) linaa in 

Figure 3.4 41 

3.7 Functional achamatic of quadrant avitching of racaiving 

antennaa for drift experiment. Computarocontrollad avitching 
can combine four quadranta (in>phaae and cloaaly equal aignal 
amplitude) to render combined high-gain antenna for conven- 
tional partial- ref lection experiment 42 

3.8 Timing diagram of signala required to control partial- 

reflection ayatem (ahown aampling firat quadrant). ...... 44 

3.9 PET interface circuitry. 45 

3.10 The tun.ible pulaed oacillator 47 

3.11 (a) Four-pulae data frame uaed for drifta meaauranenta . 

(b) Two-pulae data trame uaed for dif ferential-abaorption 
meaaurementa . 53 

4.1 Plot of typical fading aeriea meaaured at the four antennaa. 

The tim* between aamplea ia 0.4 aeconda 62 

4.2 Noiay aegment of a data file with no noiae reduction 

algorithm 63 

4.3 Noiay aegment of data file after proceaaing with noiae 

reduction algorithm 1 66 

4.4 Noiay aegm>nnt of a data file after proceaaing with noiae 

reduction algorithm 2. . . 68 



X 


4.3 Antanna quadrant mtabaring convantion uaad in tha four 

wind aaciaataa . . 

4.6 Autocorralation naaaurad frca tha fading aariaa at aach 

antanna quadrant . 

4.7 Avaraga of tha thraa autocorralationa for aach of the four 

coabinationa of thraa antennas ..... 

4.8 Croaa-corralation functions for three pairs of antennas. 

(8aa text for numbering convention.) 

4.9 Cross-corralation functions for three pairs of anteniUH. 

(Sea text for numbering convention.) . . . . 

5.1 Coefficient of variation of electron densities at 72, 76.5, 

and 81 km, by month, of daily values 

5.2 Histograms of A jA at 81 km by month for tiie year 1979/1980 . 

6.1 Daily plot of noon electron density at 72, 76.5, and 81 kn, 

A I A at 61 km, and 70.5 to 81 km meridional winds for 

X o 

December 27 , 1978 through January 10, l'*'^9 

6.2 Vector D-region winds and A I A ratio at 81 km, by day . . . . 

6.3 8catter plots of the electron concentration at 72, 76.5, and 

81 km versus the north/ south wind 

6.4 8catter plots of the electron concentration at 72, 76,5, and 

81 km versus the east /west wind 

6.5 8catter plots of the A I A ratio at 81 km and the N/8 and 

X o 

E/W wind components 

6.6 8catter plots of the A I A ratio at 81 km and the N/8 wind 

^ X o 

component, with the A I A . Data shifted by the number of 

X o 

days indicated on each plot. ......... 

6.7 Daily smridional wind values and the electron concentration 


73 

74 
76 


77 


78 


81 

83 


93 

94 

96 

97 

98 


100 



xi 


at 72 , 76. and 81 kai. and tha ratio at 81 km for 

tha pariod of January 10 through January 31, 1979 101 

6.8 N/S vinda and alactron coneantration at 72, /6.5, and 81 lua, 

and tha A (A ratio at 81 ka for Fabruary 1979 ........ 103 

6.9 Scattar plot of aaridional wind and A lA ratio at 81 ku for 

tha pariod of Fabruary 23 through March 1, 1979. ....... lOA 

6.10 N/8 vinda and tha A lA ratio at 81 ka for th<< pariod of 

X o 

February 26 through March 11 , 1980 106 

6.11 Daily N/8 and E/W vind coaponanta and >1 /A ratio at 81 ka 

X o 

for Daceabar 1980. 107 

6.12 Daily N/S and B/U wind coaponanta and /} /A ratio at 81 ka 

for January 1981 .................. 108 

6.13 Scatter plota of dail^ p/S wind coaponant aud A^IA^ ratio 

at 81 ka for the aontha of December 1980 and January 1981. . . 110 

6.14 Scatter plota of daily E/W wind component and the A JA ratio 

X o 

at 81 km for the montha of December 1980 and January 1981. . . Ill 


7.1 A lA ratio at 81 km, and 86 km meteor radar N/S winda for 

X 0 

January, February, and March of 1980 116 

7.2 A lA ratio at 81 km, and the 86 km meteor radar winda for 

X o 

December 1980, January 1981, and February 1981 117 

8.] Spectrum of electron concentration fluctuationa at 72 km 

during the winter of 1978/1979 131 


8.2 Electron concentration at 72 km for December 27, 1978 through 
January 10, 1979, and the 2.77 day period component of the 


FFT of the electron concentration data . 133 

8.3 Relative power of the 2.8 day period component in the electron 

concentration at 81 km for the winter of 1978/1979 134 


xll 


8*4 lalativ* power of tho 3.1 day period coaiponant in the electron 

concentration at 76.3 kn for the winter of 1974/1973 136 

8.3 Cowperieon of Tirbene 0.4 wber teopotentiel , Seaketoon 0.4 
■bar geopotantiel , Saskatoon winda. Urbane Urbane 

72-)ub electron concentration, and Urbane winda, for 80 days. 


atarting on Deceaber 26, 1978. 140 

8.6 FFT of the A lA ratio at 81 ka for 1978/1979, and for 

X o 

1979/1980 141 


8.7 Running FFT of the A lA ratio at 81 ka for the winter of 

X o 

1978/1979. The starting date for each ia shown on the figure. 143 

6.8 FFT of the 0.4 abar geopotential over Urbana for the winter 

of 1978/1979 144 

8.9 Running coherence squared between the 0.4 abar geopotential 
over Urbana and the 81 -ka A I A at Urbane. The starting date 

X 0 

for each is showr on the figure. 143 

8.10 Running coherence squared between ;he 0.4 abar geopotential 
over Urbana and the 72-kn electron concentration at Urbana. 


The starting date for each is shown on the figure 147 

8.11 Aaplitude of westward propagating a ■ 1 waves of various 

periods 148 


9.1 Daily plot of electron density at 72, 76.3, and 81 ka, 4 /A 

X O 

at 81 ka. Saskatoon vector winds at 80 ka, and Urbana vector 
winds for Decanber 1978 and January 1979 131 

9.2 Daily plot of electron density at 72, 76.3, and 61 ka, 

at 61 ka. Saskatoon vector winds, and Urbana vector winds for 
February 1979. 

9.3 Daily plot of electron density at 72. 76.3, and 81 ka, A I A 

X o 


132 



xlll 


9.4 

9.5 

9.6 

9.7 

9.8 

9.9 

9.10 

9.11 

9.12 


•t 81 ka, and SMkacooo vector vindc for Hareh 1979. .... 

Daily plot of olactron danaity at 72, 76.5, and 81 ka, A I A 

X o 

at 81 ka 

Dally plot of alaetroD danaity at 72, 76.5, and 81 ka, A I A 

X o 

at 81 ka 

Daily plot of olactron danaity at 72, 76.5, and 81 ka, A I A 

X o 

at 81 ka 

'•••■•■••••••aaaaaaaaaa 

Daily plot of olactron danaity at 72, 76.5, and 81 ka, A I A 

X o 

at 81 ka . . . . 

Daily plot of rlactron danaity at 72, 76.5, and 81 ka, AJA 
at 81 ka 

Scattar plots of tha N/8 vind coapocant (northward poaitivo) 
and tha ratio at Urbana for 90 days, starting on 

Dacaabar 1, 1979. Tha nuabar of days that tha winds data ara 
shiftad rolativa to the A JA^ data is indicatad on aach plot . 
Running shifted correlations between Saskatoon 80-ka H/8 winds 
and Urbans 81-ka ratio data for 1978/1979. Tha starting 

date for each 30-day correlation group is shown on aach plot, 
a negative shift indicates that a change in winds occurs 
before a change in A lA 

X O • a a a a a a a a 

Running shifted correlations between Saskatoon 80-kai N/8 winds 
and Urbana AJA^ ratio data for 1979/1980. The starting 

date for each 30-day correlation group is shown on each plot. 

A negative shift indicates that a change in vinds occurs 
before a change inA^/A^ . 

Power apectra of Saakatoon N/8 winds at 80 and 97 ka during 
the winter of 1978/1979 


153 

155 

156 

157 

158 

159 

161 

163 

164 
167 



f 

xiv 

9.13 Running power spectre of the Saskatoon N/8 97>kB wind 
coBponent for the winter of 1978/1979. The starting date 

for the 32-day group is shown on each plot ... . . 168 

9.14 Coherence squared between the 81-km A I A ratio at Urbana and 

X o 

the H/8 conponent of the 97-kn wind at Saskatoon. The hori- 
zontal line indicates the 20X level of significance 169 

9.15 Running coherence squared between the 81 -km A I A ratio at 

X o 

Urbana and the N/S component of the 97-km wind at Saskatoon 

for winter 1978/1979. The starting date for each 32-day 

group is shown on each plot. The horizontal line on each 

plot indicates the lOZ level of significance 171 

9.16 Power spectra of the Saskatoon N/8 wind component at 80 and 

97 km during the winter of 1979/1980 173 

9.17 Coherence squared between the 81-km /I //I ratio Urbana and 

X o 

the N/S component of the 97-km wind at Saskatoon during the 
winter of 1979/1980. The horizontal line indicates the 20Z 
level of significance 174 

9.18 Running coherence squared between the 81-km A I A ratio at 

X o 

Urbana and the N/8 component of the 97-km wind at Saskatoon. 

The starting dute for each 32-day group is shown on the plot. 

The horizontal line on each plot indicates the lOZ level of 
significance X75 



1 




1 . INTRODUCTION 

I, I The Winter Anomaly in the D Region 

The D region of the icn sphere extends froB 60 to 90 ka in altitude. 

The D region is the most complexi end least understood region of the iono- 
sphere. The relatively high etmoaphere pressure in the D region is respon- 
sible for the conplexity of the ion cheoistry. It is the only atmospheric 
region where both positive and negative ions are present in significant 
concentrationa. Efficient three-body reactions may occur and large water 
cluster ions may form. Also, negative ions are present mainly in the lover 
D region because the relatively high neutral gas density allows rapid three- 
body attachment of electrons to molecular oxygen. Consequently, O 2 ions 
arr; formed and these react with various minor neutral gases to form other 
negative ions. The positive ion reaction scheme in the D region, and there- 
fore the electron loss processes are not yet understood. 

The undisturbed daytime upper D region ionisation is produced mainly by 
the photoionisacLon of nitric oxide by solar Lyman-a radiation (STROBEL, 
1971). Other sources of ionization include the solar X-radiation of major 
D-region constituents (O 2 and N 2 ), galactic cosmic radiation of constituents 
in the lower D region (60 to 70 km), and extreme ultraviolet radiation of 
metastable molecular oxygen O^(^A) (VffllTTEN and POPPOFF, 1971). Also, pre- 
cipiti ting energetic electrons may be a significant source of ionization in 
midlatitudes during geomagnetic storms. Because the ionization in the D 
region is formed mainly by solar radiation, it almost completely disappears 
at night. The solar zenith angle has a seasonal effect on the ionization, 
with slightly higher electron concentrations in the siomaer than in the 
winter months, due to the lower solar zenith angle. The dynamical processea 
in the D region are not well understood either, because of the difficulty in 
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m«kiDg meaturementi in the region. 

The dey-to-dey verietion in electron concentration in the D region ii 
much greater in the winter montha than it ia in the aumaMr montha. Enhance- 
menta in the electron concentration above 80 km cauae an abnormally larne 
abaorption of high and medium frequency radio vavea during particular daya 
in the winter months. This phenomenon has been called the winter anomaly. 
Figure 1.1 shows rocket electron-density profiles comparing susmer values 
with normal and anomalous winter electron densities (from SECHRI8T et al. 
(1969)). The rocket data were obtained at midlatiti'des (Wallops Island, 
Virginia) during 1965-1967. Profile number 2 ia a normal winter profile and 
profile number 3 is a profile that was measured ^n a winter day of anomalous 
absorption. ?hi electron couc&ntrations are about four or five tioiea higher 
on the anos'alous day than on the normal winter day, throughout almost the 
entire D region. 

The winter anomaly is probably the result of many causes, and the rela- 
tive importance of each on a particular day is unknown. Enhancements can be 
due to an increase in the electron production rate or a decrease in the 
electorn loss rate. Both of these effects may occur as a result of horiaon- 
tal or vertical transport of neutral constituents that are easily ionised, 
or because of a variation in the temperature in the region. 

CECHRI8T (1967) theorized that a temperature increase in the D region 
would cause an increase in the photochemical equilibrium concentration of 
NC, which would he ionized, increasing the electron concentration. GEI8LER 
and DICKIN80N (1968) demonstrated that NO is not in photochemical equilib- 
rium in the D region due to an insufficient supply of atomic nitrogen. They 
concluded that NO is produced in the E region, and is transported downwards 
by the vertical movements accompanying planetary-scale waves. Vertical 


ALTITUDE (km) 



ANOMALOUS 



NO 

X 

DATE 

1 

60* 

17 JUN 1965 

2 

60* 

15 DEC. 1965 

3 

60* 

10 JAN 1966 

4 

59* 

31 JAN 1967 







transport of NO may also reault from enhanced turbulent diffusion due to a 
basic state of temperature and wind that is less stable (ZIMMERMAN and 
NARCISI, 1970), or due to gravity wave instabilities (GELLER and SECHRIST, 
1971). SECHRIST (1970) suggested that an increase in the upward transport 
of water vapor would alter the water cluster ion concentration, and thus the 
electron loss rate, resulting in a change in the electron concentration. 

Another possible cause is the effect of precipitating energetic elec- 
trons originating in the radiation belts of the magnetosphere. It has been 
theorised that, following certain geomagnetic storms there is precipitation 
of energetic electrons into the midlatitude D region (MAEHLUM, 1967). Thi& 
magnetic storm aftereffect may persist for several days or weeks. 

MANSON (1971) suggested that during winter periods of enhanced equator- 
ward flow, the increased transport cf NO from the auroral sone would result 
in higher D region electron concentrations at midlatitudes. The concentra- 
tion of NO in the auroral zone is enhanced by the dissociation of molecular 
nitrogen by precipitating energetic particles. The auroral zone at 90° W 
longitude extends from about 52° to 65°N latitude (VOSS and SMITH, 1977, 
Figure 7.16). The peak NO concentration in the auroral zone is two or three 
times the value at the equator in the E region (CRAVENS and STEWART, 1978). 

Cravens and Stewart presented measurements of NO concentration made by 
the Atmosphere Explorer C satellite, at an altitude of 105 km. Figure 1.2a 
showe a map of NO concentration measured during August 1974. The NO concen- 
tration in the auroral zones is enhanced, and the effect cf transport in the 
southern (winter) hemisphere is shown with a wider latitudinal distribution 
of NO concentration as compared with the northern (summer) hemisphere. 

Figure 1.2b shows a map of NO concentration in the northern hemisphere 
during mid-January through mid-February. The effect of horizontal transport 
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Figure 1.2 (a) Map of nitric oxide concentration ir.easured 

during August 1974 (b) Map of nitric oxide 
during mid-January through mid-February 1974 
(CRAVENS and STEWART, 1978). 





during winter ie shown in the distribution of NO thst extends down to sbout 
40*N St s longitude of 90*W. 
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The usin loss mechanism of nitric oxide in the upper D region and lower 
E region is the photodissociation process, so the lifetime of nitric oxide 
is significantly longer in the winter because of the lower solar zenith 
angle. OGAWA and KONDO (1977) estimated that the lifetime of nitric oxide 
below about 105 km is about 10 hours during daytime, and about 1000 hours at 
night. The longer lifetime during winter will allow the longer transport of 
NO during winter. The region of peak auroral activity is about 2000 km 
north of Urbana. Thus a likely time scale for the transport of NO from the 
auroral zone to Urbana by winds of the order of 10 m/s would be about 2.3 
days. A wind speed of the order of 10 m/s could be expected from planetary 
wave activity in the mesosphere during winter. 

It is generally accepted that the major cause of the anomalously high 
electron concentrations is a result of the redistribution of minor constitu- 
ents by the vertical and/or horizontal transport processes present during 
the winter in the mesosphere at midlatitudes. 

1.2 Exfic. in mental Techniques 

The D region is particularly difficult to obtain measurements from. It 
is too high for balloon measurements, and too low for effective satellite 
measurements. Rocket measurements can be made in the region, but because of 
the high cost and restrictions on locations where launches can be made, are 
not practical. The best alternative for the long-term study of the region 
is the use of ground-based radio-wave probing. Several radio-wave probing 
methods have been developed for the m'.'ssuranent of electron concentration. 
These include absorption measurements , the ionosonde experiment, the wave- 
interaction experiment, and the partial-reflection experiment. 


The absorption experiment aeaaures the absorption (loss) of a radio 
wave along an ionospheric path, and this can be done in several ways. One 
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method is to transmit a pulse vertically, which is then nearly totally 
reflected by a layer in the E region. The absorption due to the D region 
can thus be determined. 

The ionosonde experiment sweeps through a range of frequencies, trans- 
mitting a signal vertically. The height where total reflection occurs is 
measured, and this reflection height versus frequency data can be inverted 
to obtain an electron concentration profile. 

The wave interaction experiment (FEJER, 1955) uses a high-power trans- 
mitter to heat the ionosphere. A second transmitter is used in probing the 
heated region. The heating causes a change in the electron-neutral colli- 
sion frequency. The probing signal returns for the heated and nonheated are 
then used in calculating the electron concentration profile. 

In the partial reflection differential-absorption experiment, ordinary 
and extraordinary mode signals are alternately transmitted vertically into 
the ionosphere. The modes are the characteristic modes which by definition 
propagate through the medium without a change in polarization, but exper- 
ience a different attenuation. As the signals pass through the D region, 
irregularities cause the signals to be partially reflected. By measuring 
the ratio of the amplitudes of the two modal returns as a function of alti- 
tude, an e?.ectron-concentration profile can be calculated. 

Ground-based radio-wave techniques for measuring winds in the meso- 
sphere include incoherent scatter, meteor radar, and partial reflection 
drifts. In the incoherent scatter technique, the Doppler shift due to ions 
can be determined from the spectrum of received pulses, and up to an alti- 
tude of about 115 km the collision frequency is high enough that the ions 
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■hould travel with the neutral air (EVANS, 1969). One coaponent of wind can 
be aeaaured along the antenna pointing direction, and a ateerable antenna ia 
used for meaaurMenta of wind in twe dlaanaiona. 

In the meteor radar technique, the velocity of the neutral air ia 
meaaured by eeaauring the Doppler ahift of radio-frequency aignala acattered 
off of the ioniaed traila left by meteora in the upper atmoaphore. The 
meteor radar technique ia further deacribed in Chapter 7. 

Winda are calculated in the partial reflection drifta technique by 
vertically tranamitting aignala and correlating the fading patterna meaaured 
at three or more apaced receiving antennae. The drifta technique ia fully 
deacribed in Chapter 2. 

1.3 Unique Aspeota of the Partial- Re flection Syatem at Urbana 

The partial reflection ayatem at Urbana haa two large antenna arraya 
(tee Chapter 2), with a separate large antenna array uaed in transmitting. 
The receiving array was modified to form four separate spaced antennas for 
making drifts measurements. Each quadrant consists of 12 half-wave antenna 
elements, providing a better antenna gain and greater directivity than other 
similar experiments. The separate high gain antenna array uaed in transmit- 
ting results in a high level transmitted signal, providing a good aignal-to- 
noise ratio. The on-site computer provides full-correlation analysis in 
near real time. The availability of electron concentration data, and the 
location of the station at the low latitude cutoff of winter anomaly effects 
are also unique. 

1 .4 Scope and Purpose of Thia Study 

In this work, the design of the partial reflection drifts system at 
Urbana will be deacribed. The wind and electron concentration data obtained 
during three winter seasons (1978/1979, 1979/1980, and 1980/1981) will be 
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analysed to teat the theory that horisontal aquatorvard tranaport ia a 'aejor 
cauae of the winter anoBaly at Bidlatitudae* Winda Baaaurad by the Bataor” 
radar technique at Urbane will alao be uaad in thia teat. Satallita atrato** 
apharic geopotantial data will ba compared with macoapharic data in Chapter 
8 to obtain evidence of atratoapheric/meaoapheric coupling. In Chapter 9, 
winds measured at Saskatoon, Saskatchewan will be compared with Urbane data 
to establish evidence of tranaport from the auroral sons to Urbane, and to 
verify the existence of Roasby waveo in the mesosphere. 
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2. THEOtY or THE PARTIAL- EE FLECTION EXPEEXNEMT 

The pertiel-ref lection experiaent for electron concentretion end vindi 
both rely on weak reflection! froa irreBularitiei in the ionosphere. A 
pulse is transaitted vertically upward, and after a auitable tiae delay 
determined by the propagation character istica of the sMdium, the amplitude 
of the ionospheric return is recorded versus tisie. Knowing the wave 
propagation speed through the cMdium (assumed to be the speed of light) the 
return signal amplitude versus altitude can be obtained. In the differen- 
tial-absorption experiment the average return signal amplitude from two 
orthogonal circular polarixation transmitted signals will be equated to 
obtain an electron concentration profile. In the drifts experisient return 
signal amplitude versus altitude profiles are obtained at four spaced re- 
ceiving antennas. A time serLss which a fading pattern at each antenna 
for several altitudes is formed. Time series from pairs of antennas are 
correlated to find the time shift in the fading patterns and hence the 
velocity of the ionospheric irregularities moving through the scattering 
region. 

2.1 Generalized Magnetoionia Theory 

In an ionised medium in the presence of a magnetic field the two char- 
acteristic modes (modes which propagate through the medium without changing 
polarisation) are in general elliptical. If a characteristic mode signal is 
vertically transmitted it will propagate^, be reflected, and return with the 
same polarisation. The attenuation and phase change that occurs during the 
propagation cf that wave can be predicted by magnetoionic theory. 

The original partial-reflection experiment was performed by GARDNER and 
PAWSEY (1953) using the Appleton-Hartree formula (BUDDEN, i961) for the re- 
fractive index of the medium. This theory assumed that the electron-neutral 
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collision froquoncy was proportional to tha alactron valoeityt ly labora- 
tory axpariaants PHELPS and FACE (1959) aatabliahad that tha alaetron- 
nautral collision fraquancy of an alactron in nitrogan gat is proportional 
to tha aquara of its valocity. SIN and WYLLBK (1960) darivad the (omula 
for tha rafractiva iodax of tha ■adiun using a coordinata syatsa vith 
obliqua snaa, alleging for tha hanionic tiaa variation of tha radio-vava 
fialds with raal factors of cosut and sinut, SUDDEN (1965) darivad tha saaia 
foraula using orthogonal axas and a coaiplax tiaa factor ^ giving a siar> 
plifiad approach. Tha San-Hyllar axprassion for tha rafractiva indax of tha 
nadiuBi is shown in Appandix I. 

Whan tha Earth's magnatic fiald is naarly alignad vith tha radio vava 
noraial. tha axprassion for tha rafractiva indax can ba graatly siaplifiad. 
This is the quasi- longitudinal app*‘oxiaation. which is valid for ssall 
values of 0, which makes the expression from tndix I: 



( 2 . 1 ) 


( 2 . 2 ) 


where: <1 - complex refractive index of tha medium 

u) - operating frequency 

( 1 )^ ■ u) cos6 

u a 

ui^ ■ angular gyro frequency = ^ 

fig 2 

0 ) • plasma frequency = 

O ^ ^ f7l t 
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0 ■ angle batwaan tha wava noraMl and tha Earth's Mgnatic field 
■ alactron-nautral collision fraqu«>pcy. 

Tha quasi- longitudinal approxiMtion is valid for Urbana (PIRMAT and 
BOVHILL, 1968) and is used in tha naasuranents of electron concentrations in 
thif' work. 

2.2 Diffevontial-Abeot’ption Theory 

Tha differential-absorption axpariaant is based on tha fact that tha 
two charactaristic modes of propagation through tha ionospheric medium 
(right-handed and left-handed circular polarizations, at this latitude) have 
different attenuations during propagation and reflection. The two-way 
absorption (up to the reflection point and back) is given by SUDDEN, 1961): 



where k is the absorption coefficient defined as (^)x , where a: is 

X Oj «tr X 

the imaginary part of the refractive index. The received amplitude on the 
ground after reflection is then given by: 


A a R exp f -2 [ k c5i ^ 
o,x o,x •^ \ J o,x ) 


(2.4) 


where R is the refleccion coefficient. The ratio of the two return mode 

o, X 

signals can be written as: 


/?„! r 

1 

1 X t 

2 ik^- k)dh 

Jo ^ ^ J 


(2.5) 


taking the logarithm of both sides gives the following: 

u 


in 


X 


In 


(fti ) 


( 2 . 6 ) 


If the A /A ratio is measured at two closely spaced altitudes h. and h^, 

X O 1 4 

k ia approximately constant in that interval of altitude so that the 

X 


13 


diffcrtnc* of tho lotariehat of tho ratio a." two altitudoi can ba 

vrittan at 



- in 


(^) 



- In 



-2(k^ - k)tih 
X o 


(2.7) 


whtra ATj ■ )i2 “ 

Thara art tvo thaoriaa on tha typo of raflaction aodtl that la raapon- 
tibia for tha ionoapharic raflactiona. Tha tvo aodala ara tha aingla ra* 
flactor (Fratnal) aodal and tha voluaa acattaring vodal (FLOOD, 1968i COHEN, 
1971; COHEN and FBRHARO, 1973). Thara hat batn a good daal of d^ cuaaion 
</ar which modal ia moat appropriata (HOLT 1969; FLOOD, 1969). Studiaa of 
tha atatiatical diatribution of individual pulaaa raflactad from tha iono- 
aphara hava baan mada by many invaatigatora. Scattaring from a tingla 
raflactor would raault in a diatribution with a Rician probability danaity. 
Scattarirg from a voluma of acattarara would raault in a diatribution with 
a Raylaigh probability danaity. VON BIEL (1977) uaing thia analyaia found 
that !:ha diatributiooa ware predominantly Rayleigh below bO km, and Rician 
above 80 km. Thia would predict voluma acattaring below 80 km, and aingle 
reflector acattaring above 80 km. MATHEWS et al. (1973) did a aimilar but 
more extenaive analyaia and found aimiWr retula. NEWMAN (1974) alao did 
thia analyaia on hia data and found aimilar raaulta with the ahift to tha 
aingle reflector modal above 85 km. FRASER and VINCENT (1970), and CHANDRA 
and VINCENT (1977), uaing a aimilar analyaia concluded that the reflection 
machaniam throughout the D region waa predominantly a aingle reflector. 
Further work by BELROSE (1970) lead him to conclude that in general, the 
reflection proceaa waa a combination of the two modela, and that the alti- 
tudaa where each model applied varied from day to day, by aeaaon, and with 
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changes in latitude. AUSTIN and MAM SOM (1969) concluded that the reflection 
process vac a result of several reflectors distributed so that they did not 
fill a significant amound of the scattering voluac (which was 3 kn in 
altitude in their case). They also concluded that the error in calculated 
electron concentrations when aaauning a single reflector model was only a 
few percent below about 84 ka. WSATT (1974) computed the aianimum error in 
computed electron concentrationa when assuming a single reflector model for 
a pulse width of 25 'is, and found that for av'jrage electron-concentration 
profile that the error would be less than 5 percent for the altitude range 
of 70 to 87.5 km. HOLT (1969) did a similar analysia also for a 25 pulse 
and found that the error would be less than 10 percent throughout the D 
region. In view of the uncertainty in the reflection proceaa, the amount of 
extra computation involved in using a volume scattering model, and the amall 
possible error in essuming a single reflector with our pulse width (23 pa), 
the single reflector model is used in this work. 

The reflection model for a single reflector is given by 


R - 


*^2 ~ ^1 
ri2 + 


( 2 . 8 ) 


Sincr^ the reflections are weak, the gradient in index of refraction ia small 
and ri2 ~ ‘ n ■ 1 for both modciS , so the reflection coefficient can be 


approximated as 


6 n 
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( 2 . 9 ) 
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By using tha quail-longitudinal appro xiaati on, the electron concentra- 
tion can nov be solved for explicitly. The value for the refractive index 
can be found by expanding equation 2.2 by the binonial theorem , and neglect- 
ing the small higher order terms. The real part is 



and the imaginary part is 



The real part can be expanded by the binomial theorem to yield 



( 2 . 11 ) 


( 2 . 1 .?) 


( 2 . 13 ) 


Assuming is constant across the discontinuity (BELROSE and BURKE, 1964), 

2 

n is a function of electron concentration, N alone. Differentiating equa- 
tion (2.2) with reaped to N yields 


^ 2 

2n ^ - ^ 

^ &N me (DV 
o m 

Assuming that * 
cients becomes 



n ‘ 1 the magnitude of the ratio of reflection coeffi- 

X 
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( 2 . 15 ) 


Substituting A: ■ r with a. „ from equation (2.12) into equation 

C/j 30 vT (y ^ C' j X 

(2.7) results in the expression for electron concentration. 


16 


A In 


N 


^x\ 


5 tih e 

2 <ym c V 
o m 


- ^l V Til^T 

^ 5/2 \ \ / ^ 5/2 \ "'m / 


(2.16) 


The collision-frequency profile assumed is given in Appendix III, which 
includes seasonal variations. An electron-concentration profile can thus be 
calculated from the measured signal returns for two polarisation modes. 

2.3 Drifts Experiment Theory 

When thv<> ionosphere is illuminated from below by a single radio-wave 
point souiTce, the resultant reflected energy from a given altitude will 
create a two-dimensional diffraction pattern on the ground. If the ampli- 
tude of the returned pattern is measured at a fixed point on the ground, 
variations in the signal strength, known as fading, will be observed. This 
phenomenon has been attributed to the turbulent horizontal movement of 
ionized irregularities (BRIGGS et al., 19b0; FEDOR. 1967; WRIGHT, 1974). 

In the D region above 70 km the collision frequency is larger than the 
gyrofrequency for ions, but the collision frequency is smaller than the 
gyrofrequency for electrons. Therefore, the ions will move with the neutral 
air, but the electrons will be controlled by magnetic forces. However, 
ionized irregularities will move with the neutral air because they would 
become polarized, and are held together by space charge. The model has also 
been proposed (HINES and RAO, 1968; PFISTER, 1971) that the fading could be 
attributed to the superposition of atmospheric waves. It is possible that 
both processes could be operative in practice. The difference in models may 
also arise from the differing ionospheric conditions at the different loca- 
tions. 


Assuming a steady horiiiontal ionospheric drift with a superimposed 
random motion of the irregularities, the ground diffraction pattern wc.ild 


17 


•l«o have a related steady velocity end would aleo have a random change aa 
it mcved. The fading r«icordad at two apaced recaivera, aaparated in the 
direction of motion, wouid be aimilar but diaplaced in time, provided their 
aeparation diatance waa not axceaaive. The aimilarity between fading 
recorda would diminiah and then vaniah with increaaing receiver aeparation. 
COLLEY and R088ITER (1970) inveatigated the receiver aeparation queation and 
found that the drift velocity eatimatea diminiahed in magnitude with 
decreaaing receiver aeparation. A receiver aeparation of about 160 metera 
waa found to be optimum for D-region meaaurementa. The receiving antenna 
aeparation for the Urbana drifta experiment ia 169 metera for the ahorter 
aidea of the triangle forming the receiving array, and 240 metera for the 
hypotenuae aide. 

In order to eatimate the time lag between fading patterna of a pair of 
antennae, and therefore the apparent velocity in that direction, it ia 
neceaaary to atatiatically correlate the fading time aeriea at th'i two an- 
tennas. A minimum of three apaced antennae are required to meaaure the 
horizontal wind in two dimenaiona. 

The first method of analyzing drifts records, which was used before 
computers were available, was the method of similar fades (MITRA, 1949). In 
this method, the fading sequences at three antennas were recorded on film 
and examined for similar features. The time delays for the occurrence of 
these features was measured and knowing the antenna spacing, the drift vel- 
ocity was directly calculated. In this analysis it is assumed that there is 
no random change in the pattern during the experiment, and that the ampli- 
tude contours are isotropic (the mean change in amplitude for the average of 
many irregularities is independent of the direction of travel of the 
irregularities). These assumptions do noc often hold for individual pattern 
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maxima, but may hold when the average for many fadee ia used (SPREMGER and 
SCHMINDER, 1969). 

The most widely accepted method of analysis of data from the three- 
antenna drifts experiment is the full correlation analysis (BRIGGS et al., 
1930). In this analysis, the fading records at the three antennas arc 
correlated. To use this method, care must be taken when collecting the data 
to avoid saturating the receiver which would alter the correlatio’i func- 
tions. It is assumed that the ionosphere is in turbulent motion with small 
scale irregularities of equal statistical shape and orientation in a medium 
with a constant drift. The auto-correlation functions of the three fading 
records, and the cross-correlation functions of the fading records taken in 
pairc are calculated. The assumption is made that there is sufficient 
information in these correlation functions to describe a correlation surface 
of concentric ellipsoids in two space, and time coordinates. The object of 
the correlation analysis is to find the parameters of a particular ellipse 
and translate them to parameters that describe the drift and random motion 
of the ionosphere. These drift parameters are the velocity and direction of 
drift, the size, shape, and orientation of the characteristic ellipse (which 
represents an average pattern irregularity) and the quantity which has 
the dimensions of velocity and is a measure of the random change in the 
pattern. 

The arranganent of receiving antennas is shown in Figure 2.1. The 
degree of association between two fading series for a spatial antenna sepa- 
ration d and temporal separation t can be expressed by the discrete cross- 
correlation function: 

.. - I][/l(g ->• d, t + t) - a] 

S[i4(x, t) - A]^ 


p(c£, t) 


(2.17) 
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Figure 2. 1 Arrangement of receiving antennas. 
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In practice p{d,t) can only be approxinated becauae of the finite obaerva- 
tion period poaaible of a atatiatical proceaa which ahould ideally be both 
infinite and atationary. The autocorrelation of the tiaia aeriea ia calcu- 
lated, and the three croaa correlationa of the fading recorda taken in paira 
are calculated. The next atep ia to calculate the paranetera of the charac- 
teriatic ellipae. 

The dynamica of the ground diffraction pattern can be deacribed by four 
velocity-type parametera (BRIGGS et al., 1950): 

(1) Fading velocity Thia ia a meaaure of the apace ahift to time 

shift needed to produce, on average, the aame change in the value of the 
pattern amplitude, A. 

X 

V' - where p{x .0) - p(o, t ) (2.18) 

C7 C- Cy O 

o 

Thus is the velocity of drift necessary to explain the facing in terma 
of the drifting pattern with no random changes. 

(2) Drift (or true) velocity V: This is the velocity of an observer 

who has adjusted hia motion to observe the slowest possible fading speed. If 
the observer compares amplitudes at time apart, hia displaceiient 

during this time must be adjusted until p{d^, t^) maximizes, and then 



(3) Characteristic velocity V^: This parameter gives an estimate of 

the amount of random change taking place within the pattern. An observer 
moving at velocity V would observe this velocity of fading • To this 

observer the ratio of space shift to time shift needed to produce s similar 
change in amplitude is; 
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a 



( 2 . 20 ) 


where 

t^) - p(dj^, Tj^) (2.21) 

(4) Apparent velocity V : For a apatial aeparation of two points 

on a one**dincnaional ground, ia the tivie aeparation that maxiniaea 

p (<i , X ) . 

o o 

d 

V* • ( 2 . 22 ) 

o 

For a froaen pattern ■ 0) the apparent velocity V* ia the aane aa V, 

With increaaing it can be aeen that V* will be greater than by an 
increaaing amount. 

Aaauming that the contoura of amplitude over a continuoua line of 
pointa and with time are known, the amplitude contoura would look aomething 
like Figure 2.2a (from BRIGGS et al., 19M). There ia a tendency for the 
contoura to be elongated along a line whoae alope dependa on the velocity at 
which the maxima and minima of the fading pattern A drift over the ground. 

If the origin of the x-axia la moved along with a velocity V , Figure 2.2b ia 
obtained by an obaerver moving with velocity V, who experiencea the minimum 
amount of fading. From the definition of the characteriatic velocity, , 
the ratio of the apace ahift to time ahift which on average have an equal 
effect on i4 ia V^. Therefore by acaling the vertical axia of Figure 2.2b by 
the factor , we get Figure 2.2c with equal average gradienta in the con- 
toura along each axia. The average change (or expected correlation) between 
two pointa on thia diagm dependa only or their diatance apart. A correla- 
tion aurface correajwnding to thia aurface would have contoura in the form 
of circlea centered at the origin. 
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A fixed point on the ground would have e velocity relative to the 
tixee of Figure 2.2c, and would travetee a line eloping backwarda at an angle 
0 where 


cotO ■ 


V t 


V 


( 2 . 23 ) 


The values of A along this line are those of a fixed point on the ground. 
The diagran of Figure 2.2c is redrawn in Figure 2.3a without the 
fading contours. Define the speed of fading as 


U 

\U 

-OBT- 

A 


From Figure 2.3a we get 


( 2 . 24 ) 
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Since for a given time interval the distance along line OC is greater than 
the corresponding distance along the axis by a factor of 1/sinO, and 
using the identity cotO • ve get 


]/ 2 * 

S . 5.(1 + if-) 1 
<? 

Similarly, for the measures of the speed of fading and 

''a ■ ‘'<,11 * <f> I 

o 

which may be written as 

2 2 2 
m V ^ ^ 


( 2 . 26 ) 


( 2 . 27 ) 


( 2 . 28 ) 


A second receiver at a distance d from the first receiver would meas- 

o 

ure a fading record represented by line AD, parallel to line OC, on Figure 
2.3a. The point along AD that is most correlated with the receiver at point 
0 is the closest point (point M). The height of M along the V^t axis will 
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give the tim leg cor rce ponding to mixiauB croee correlation. Fro« the 
geonetry of Figure 2.3a 


V X • d ainO cosO 
a 0 0 

(2.29) 

d V V 


or T - --- 

a 

(2.30) 

Using equation (2.23) to eliminate Og 


d V ^ 

0 

(2.31) 

or 2 4. 1/2 

a 

(2.32) 


and uaing equation (2.28) 

..,2 

(2.33) 

V* can be determined from using the relation V' ■ d /t . To find the 
true velocity V ^ ve need to find as follows: The cross correlation 

) between the two records gives a measure of the effect of a space 
shift of a If we find the time lag which gives the same value of the 
correlation coefficient p(o, t^) measured on one fading record^ then using 
the definition of K' we can get the value of 

C (J 

d 

- -f- (2.34) 

o 

Thus the drift velocity along one dimension can be calculated. The 
time lag for the maximian cross-correlation between the fading records 
from two receivers separated by a distance can be found by drawing a 
line on Figure 2.3c through the point (d^, t^) parallel to the t axis, and 
finding the value of where it touches the elliptical contour of p^. This 
value of p is the maximum value of cross-correlation. Let t be the value 

O O 
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of T vhoro Ch« ollipM inttrstctt tb« t-axIs. !• tht tlmm Ug for tho 
•utocorrtlatioit rtquirtd to giva a valua of corralation aqual to this Mxi- 
■UB croas-corralation cor rti ponding to a lag If it tha intarcapt of 
tha d axis and t^) ia tha point at which tha tangant parallvl to tha 
d axia touchaa tha allipaa. tha notation ia the aaaia aa that uaad in aqua- 
tiona (2.18), (2»19), (2t20)» and (2.22), for tha four velocity paranatara 
^ of tha 

ellipae can ba written aa 

kdi^ + + iMx • 1 ( 2 . 35 ) 


If the ellipae haa a vertical tangant at (<i^, t^) and interaecta the T-axia 
at (o , t ) , then 


t + X J- -T 

A - - ■ ■ 3 \ , B - -ir , H - 

t ^ d ^ t ^ t ^ d 

0 0 o o o 


( 2 . 36 ) 


If the ellipae alao haa a horixontal tangent at • t^) and interaecta 


the 


d axii at (x^ , o), then 
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( 2 . 37 ) 


Now writing the varioua velocity pametera in tema of A, B, H, i , t . and 

o o 

t : 
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V» m ii 
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(t 2 + . 2 

o o 


( 2 . 38 ) 
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( 2 . 39 ) 
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cJ A X 2 ^ 2 
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( 2 . 41 ) 

( 2 . 42 ) 


Equation (2.42) is tho as aquation (2.32) shovn irliar by anothar 
■athod. Tha connaction with tha pravioua darivation vathod is 


2 . 2 ^ 2 
T ■ t + T 

a o o 


( 2 . 43 ) 


Thasa darivations ara for a ona-diaMnsional ground, and the axtansion 
to a tvo>disMnsional ground is straightforvard. Tha concentric allipses of 
conatant correlation in two disamaiona bacoatea concentric allipaoida of 
conatant correlation in three diaMnaiona, cantered on tha origin. Velocity 
coBponenta ara calculated along the diractiona defined by tha lines forving 
tha sides of the triangle formed by tha three spaced receivers. 

The aethod of iaplasenting the Brigga full correlation analysis on a 
digital computer was worked out by POORS (1965). In his notation the siaxi- 
aua cross correlation (t^) is (t') end the corresponding tisw displaceaent 
froD the autocorrelation function for the same value of correlation {t) is 


(t^). So equation (2.43) becoaes 


(T')f^ + (t ): 


( 2 . 44 ) 


12 " "12 ’ 'V12 

where aubacripts have been added to denote the pair of antennas (and the 
direction) being correlated. Tha geometry of the full correlation analysis 
ia shown in Figure 2.4. First, the characteristic ellipse is deterained by 
the three endpoints of the vectors from equation (2.38) plotted along 
the coapass direction of that receiver pair. Tha orientation of the charac- 
teristic ellipse (6^) and the seai-suijor and seai-ainor axes (a and b) can 
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b« calculattd by siaultanaoui equations. Diaianaioni on the ellipse are in 
units of velocity and Bust be aultiplisd ^ 'Tq 5 value of tiaa dis- 

placaaent or the aean autocorrelation function vith p ■ 0.5) to convert then 
to units of distance. 

The next step is to calculate the apparent velocity The three 

vectors ■ ^12^^12 piotted, and their endpoints should lie on a 
straight line. In the computer analysis, a least-squares line is fitted to 
the three ix>int«.> Two parameters of the perpendicular from the origin to 
this line are V^, the length, and 6^, the direction which is the apparent 
velocity. Now draw a tangent to the ellipse parallel to the V' line. The 
point of contact is (V) . The angle of the radius to that point is ({>, 

O y 

which is the angle of the true velocity, V» The length of the radius is 

O'') . The length of the vector along this radius to the V* line is 7 '. 

° V 

The true velocity is given by 

V - —yt^ (2.45) 

from equation (2.42). 

It is then assumed that the amplitude pattern observed by spaced re- 
ceivers on the ground is moving at twice the velocity of the irregularities 
in the ionosphere. This factor arises because the ionosphere is illuminated 
by a point source. If a plane wave source were used this factor would not 
occur. This factor has been experimentally investigated by FELGATE (1970) 
and WRIGHT (1972) using ionospheric reflections. The factor has also been 
studied by computer simulation by FITTEWAY et al. (1971). All of these 
studies concluded that the point source factor was valid, and calculated 
velocitifjs should be divided by two for the correct ionospheric velocity. 
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3. SY8TDI DESCRIPTION 

3.1 Syatom Requiromcnto 

The reflection coefficient in the D region ie on the order of 10"^ in 
the lover D region, and on the order of 10 in the upper D region (DA SILVA 
and BOWHILL, 1974). The attenuation experienced by the ordinary and extra- 
ordinary eignals during propagation ia different. The extraordinary node 
signal undergoes a much higher attenr-ation as it propagates through the 
ionosphere, though it usually has a larger reflection coefficient than does 
the ordinary mode signal. The result is that in the lover part of the D 
region the extraordinary mode signal is higher in amplitude by a factor of 
about 2, and as propagation progresses through some iouiaation at higher 
altitudes, the ordinary mode return signal becomes relatively larger than 
the extraordinary mode return signal. At about 78 km, on average, the 
ordinary model return signal vill be about tvice that of the extraordinary 
mode return signal. This trend vill continue as the altitude increaaes, 
and at 90 km the ordinary mode vill be larger by a factor of about ten. 

T'v^ ordinary mode reflection cofficient is so Large at the upper D region 
that the receiver vill usually saturate at about 85 km, vhen operating at 
full sensitivity. The signals are also affected by fading vhich vill cause 
signal levels to vary by about 10 dB in a time scale of a few seconds. 

These signal levels set the difficult requirement that the receiver must be 
linear vithin a tolerance of a fev percent over a range of at least 40 dB. 

Noise in this frequency range can arise from atmospheric and man-made 
sources. The sxgnal-to-noise ratio in the lovest part of the D region vhen 
the noise is due to background atmospheric noise is about 1.5 or 2, on 
average. Lightning and static discharge noises can be quite large (several 
times that of the return signal) vhen a storm is near, and noise rejection 
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techniques vhich will be diecueeed leter in Section 3.3 ere neceeeery. 

3.2 Partial-Refl 0 otion Syatmn at Urbana 

A block diegrae of the Urbane partial-reflection systeB ie shown in 
Figure 3.1. The transmitter output is split between two 50-ohm coaxial 
cables. One line is phase shifted by 90* by a quarter wavelength of coaxial 
cable to allow a circularly polarised wave to be radiated. Attenuators are 
inserted in each feedline, and a phase shifc network is inserted in one 
feedline, so that the relative level of signal feed to each of the ortho- 
gonal linear dipole arrays (N-8 and E-W directed) can be adjusted to set the 
polarisation at circular. Coaxial cables run the distance (about 1000 feet) 
to the transmitting antenna array where matching networks match the feed- 
lines to the 600 ohm balanced antenna arrays. Switching from ordinary mode 
(right-hand circular) to extraordinary mode (left-hand circular) is accom- 
plished by reversing the balanced line to one linear array. 

The receiving array is broken up into four quadrants. Each of the four 
quadrants of the receiving array consists of sets of orthogonal linear 
dipoles (N-S and E-W directed). There are eight coaxial cables running into 
the field station building where the quadrant switching relays switch the 
desired receiving quadrant. All quadrants are combined during differential- 
absorption measurements of electron concentration. Switching the antenna 
quadrant ahead of the receiver eliminates the need for four separate receiv- 
ers in the system when making drifts measurements. There are two coaxial 
cablea from the quadrant switching box (N-S and E-W dipoles) which are fed 
to attenuators, a phase 90° shifter, and a 180° phase shifter, as in the 
transmitter feeders, to adjust and switch the antenna polariaation. The 
signals are then combined and fed to a computer-controlled digital attenua- 
tor. This attenuator can switch in attenuation ahead of the receiver under 
computer control, which is useful in calibrating the receiver and in 
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preventing receiver seturetion which occuri et the higher altitudeSt The 
receiver output ie fed to the A/D converter which samples continuously in 10 
MS intervals in the altitude range of interest. The pulsar supplies all the 
timing and control signals for the system. Two pulsars are available now, a 
hardwired logic unit and a versatile microprocessor-based system. 

3.2.1 Tranamitting equipment. The low signs 1-to-noise ratio at the 
lowest poir.t in the D region sets the requirement of a large transmitted 
power and a high-gain antenna array. The transmitter is a multi-stage tube 
type, and is fully desribed by HENRY (1966), and by PIRNAT and BONHILL 
(1968). Its characteristics are listed below. 

Peak power: 35 kW 

Frequency: 2.66 MHz 

Pulse width: Normally 25 m*« (Can be set at 10, 15, 25, or 50 m> with 

the microprocessor timing and control equipment.) 

Output impedance: 50 ohms, unbalanced 

3.2.2 Receiving equipment. To accurately measure the return signals 
which vary greatly in amplitude, an extremely linear receiver is required. 
The original receiver (HENRY, 1966) was modified later (Henry in EDWARDS, 
1973) to achieve a total range of 55 dB for a 1 dB deviation in linearity. 
The characteristics of the receiver are listed below. 

Center frequency: 2.66 HHz 

Bandwidth: 40 kHz between -3 dB points 

Noise figure: 3 dB MAX, 15° to 35° C 

Recovery time: 200 y* after removing 0.1 V RMS input 

RF input impedance: 50 ohms, unbalanced 

Output impedance: 10 k ohms, unbalanced 

Output response: DC to 50 kHz, 10 V MAX 
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Linearity: 55 dB for 1 dB deviation 

Only one receiver ia uaed in the ayataa during drift! ■eaauraBenta by 
uiing a four-pulae franc and awitching the antenna input for each pulae. 

3.2.3 Antenna eyetem. The original partial-reflection antenna ayatan 
conaiated of two identical aquare dipole arraya of 60 half-wave dipolea 
each. One array ia uaed for tranamitting and the other for receiving . to 
eliminate the need for a tranamit-raceive awitch. The layout of the antenna 
arraya ia ahown in Figure 3^2. The array to the weat of the field atation 
building ia uaed for tranamitting. The calculated gain of thia array ia 22 
dB| with a 3 dB bennwidth of 14 degreea. The north-aouth and eaat-weat 
directed dipolea are matched to aeparate feedlinea and brought into the 
field atation building. 

3. 2. 3.1 Modifiaationa made to the receiving ax>rcy to implement 
the drifts experiment. To implement a partial-reflection drifta experiment, 
the receiving array waa divided into four quadranta. Having four antennaa 
inatead of the minimum of three antennaa in the drifta experiment reaulta in 
a four-fold redundancy in the velocity eatimatea than can be made, allowing 
winda eatimatea to be made even with one antenna not functioning. The X/4 
matching atuba of the original antenna matching ayatem at the end of the X/2 
dipole aectiona (ahown at the Xa on Figure 3.2) were diaconnected, ao the 
array now conaiata of four iaolated quadranta and a center croaa-ahaped 
aection. The Jimenaiona and orientation of the drifl£< antenna layout are 
ahown in Figure 3.3. The original antenna array matching ia deacribed by 
KNECHT (1966). The croaa-ahape center aection which atill haa the balanced 
1 inn feeder connecting the dipole could be uaed aa a aeparate polarieed 
array, but for now haa been grounded. The quadranta, aa ahown in Figure 
3.4, each conaiat of three north-aouth directed center-fed X dipolea and 
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thrct directed center fed X dipolee. The existing X/4 Mtching 

stub St the feed point of each X dipole was used in the new sMtehing syctesi. 
Tie matching stubs are angled away from the utility pole and tensinatc at 
the utility pole at about ten feet off the ground. Tht. short circuit et the 
bottom of the stub was removed, providing a driving impedance of about 450 
ohms for the X dipole. The antenna matching arrangement is shown in 
Figure 3.3. The 1200-ohm impedance of the X dipole is matched to 450 ohms 
by the X/4 section of 60C ohm balanced line, and the 450 ohms is matched to 
a 50 ohm coaxial cable by a small Ferrite transformer. A three-way hybrid 
power combiner is use'’ to combi-'.a the signals from the three parallel 
dipoles, with -length coaxial cables running from the outer dipoles to the 
center. A cosxial feedline from these three parallel dipoles is run into 
the field station building. Because the land under the array is cultivated, 
cables running east-west were suspended about 20 feet to allow clearance for 
fann implements. The X coaxial cables running from the outer dipoles to the 
center in the south-east quadrant are RG-8 coaxial cable, while the sections 
in the other quadrants are RG-58 coaxial cable. This gives a slight gain 
advantage to the quadrant farthest from the field station to partially off- 
set the additioiml feedline loss along the route to the field station build- 
ing. Cables running north-south are suspended about four feet above the 
ground over stripe of land along the utility ?oles that are not cultivated. 
The calculated gain of each quadrant antenna is 12 dB. 

In order to use the four quadrants together during dif ferential-abturp- 
tion measurements of electron concentration the signals from each quadrant 
must arrive at the receiver with the same phase. All of the eight feedlines 
from the quadrants had to be matched in phase delay at 2.66 MHx. This wis 
accomplished by inaerting a 2.66 MHx reference signal into the ends of two 
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ftadlinat in th« fitld, and Baaturing tha phaaa diffaranct at r.H* othar and 
of tha cablaa uaing a vactor voltaiatar. Ona of tha aight faadlinaa waa uaad 
aa a rafaranca, and tha ranaining aaven wara aatchad in phaaa to it, by cut- 
ting out or adding cabla. Adjuataant of tha cabla langtha waa facilitated 
by being abla to introduce a 180* phaaa ahift at any quadrant requiring aiora 
than A/2 of additional cable to aatch ita phaaa, by raveraing the balanced 
line x/4 natching linaa at that quadrant 'a dipolaa. Tha tolerance of thaae 
phaae-length adjuatmanta ia aatimatad to be about one degree, veil vithin 
the preciaion neceaaary to enaura effective in-phaae auaunation of tha aig- 
nala from the four quadranta. 

The amall dipole impedance matching Ferrite tranaformara though pro- 
tected from atatic diacharge by leakage reaiatora and neon gaa diacharge 
tubea did not aurvive a atorm that occurred ahortly after the completion of 
the antenna modif icationa. Lightning atruck one of the antenna aupport 
polea in the aouthweat corner of the array, deatroying moat of the matching 
tranaformera in the entire array. It waa decided to redeaign the laatching 
ayaten uaing larger tranaformera ao that in the event of another lightning 
atrike only a amall portion of the array would be damaged. Figure 3.6 ahova 
the new laatching ayatem. The amall Ferrite dipole matching tranaformera 
were replaced with two-inch Ferrite torroidal core tranaformera wound with 
14-gauge wire. The three-port hybrid power combinera were replaced by 
paralleling the three dipole feedera and matching thia impedance to 50 ohma 
uaing a 3:1 tranaformer. Theae tranaformera were alao wound on Ferrite 
toroidal corea with large diameter wire. After more than two yeara of 
operation, none of theae tranaformera have been damaged. 

3. 2. 3. 2 The drifta experiment quadrant ewitahing oirouitry. The 
functional achematic of the quadrant awitching unit ia ahovn in Figure 3.7. 
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Figure 3.6 Final system of matching and combining of in-phase 
signal components from parallel quadrant dipoles. 
The A feeder line sections correspond to the dashed 
(coaxial) lines in Figure 3.4. 





ORIGINAL PAGE IS 
OF POOR QUALITY 


42 



( N/W QUADRANT SIGNAL) 


Figure 3.7 Functional schematic of quadrant switching of receiving 
antennas for drift experln^nt. Computer-controlled 
switching can combine four quadrants (in-phase and closely 
equal signal amplitude) to render combined high-gain 
antenna for conventional partial-reflection experiment. 
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Tha unit can ba comnandad to faad tha aignal from any one of thr antenna 
quadranta to tha receiver, or tha auaunation of all tha aignala can ba fed to 
the receiver. All unuaed antannaa are terminated at 30 ohma to minimiae 
re-radiation effecta. Reed relaya with a witching time of about 2 ma were 
uaed inatead of aolid-atate devicea becauae of their tolerance of over 
voltage that night occ'ir when atorma are nearly. To prevent damage to the 
unit when the equipment in not ia uae , jumper pluga were included in each 
antenna feedline coming into the unit ao that they could be diaconnected and 
grounded. 

Control of the awitching unit can be provided by either the PDP-13 
computer or the PET microcomputer. Wlien awitching ia wider control of the 
PDP-13, the awitching command aignala are taken from the PDP-13 digital in- 
put/output interface. The interface ia dcacribed in Section 3.3. Switching 
can alao be done under the control of the PET microcomputer. 

3.2.4 Wri’rv'/'ivnvooor and control equipmimi. The original timing 

and control ayatem conaiated of a hard-wired logic unit with a fixed pulae 
width of 23 via, and framea of 2 oi 4 pulaea, at a fixed pulae repetition 
frequency of 2.3 frames per aecond. To allow more versatile pulse timing, 
a microcomputer has been interfaced to the system. Figure 3.8 shows the 
tim ing of the control signals needed to control the system. A Commodore 
Business Machine PET model 2001-8 ia used as the controller. The progrmn 
TIMOD (listed in Appendix V) ia uaed to output the user-controlled timing 
pulses to the parallel user port J2. The TTL level aignala from this port 
must be modified to control the experiment. Figure 3.9 shows the PET inter- 
face circuitry. The four antenna quadrant switching aignala which remain 
high during the time that the desired quadrant is selected must be inverted 
(the quadrant switching box ia designed to sum all quadrant signals in the 
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Figure 3.8 Timing diagram of signals required to control partial- 
reflection system (shown sampling first qiiadrant). 
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preaence of no coniuind, to a high level diaablea that quadrant). The A/D 
encode command that determinea the atart of data aampling la buffered by the 
two remaining gatea. The receiver blanker requirea a ■*’28 volt pulae whoae 
length ia not critical. A monoatable inaide the blanker ia triggered to 
blank the receiver for 100 pa. The tranamitter ia gated on in the pulaed 
oacillator atage. Figure 3.10 ahowa the pulaed oacillator with the modifi- 
cationa made to allow a variable pulae length to be tranamitter. The oacil- 
lator ia gated in the laat atcge and originally had a fixed pulae width of 
25 pa, aet by a monoatable before the gating circuit. The aecond trigger 
pulae input, labeled PET TX trigger waa added with a awitch to aelect the 
control input, with the neceaaary added circuitry. The PET interface ahifta 
the tranamit pulae command to the -*-28 volt level to drive the pulaed oacil- 
lator input. 

The timing program, called TIMOD ia atored on a caaaette. When the 
program ia run, it firat aaka for the deaired pulae width and interpulae 
period. The deaired mode of operation ia aelected from the 'Snenu" aa ahown 
in Table 3.1. The interpulae perioda ahown give pulae repetition frequen- 
ciea of 50. 75, and 150 pulaea per aecond. In order to limit the number of 
pulaea per aecond, the tranamitting aignal uaually conaiata of four pulaea 
(one for each quadrant) followed by a waiting period (the hard-wired pulaer 
haa a delay of 300 mS between the end of a frame of four pulaea and the 
beginning of the next, with 33 mS between each pulae in a frame of four 
pulaea). The program will now aak for the waiting period between framea of 
four pulaea, in 1/60 aecond incrementa (normally 18). After entering the 
number, the program will type "preaa any key to run". A key ia then preaaed 
to atart collection after the data acquiaition program haa been atarted on 
the PDP-15 computer. The program ia otopped by preaaing the ruo/atop key on 
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TABLE 3.1 Menu of pulsevidtht and interpulte 
parioda available in Che proar«n 
TIMOD. 


PUL8EWIDTH (fjfi) 

INTERPULSE PERIOD 
6.7 13.3 20 

10 

A 

B 

C 

15 

D 

E 

F 

25 

G 

H 

I 

50 

J 

K 

L 
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the keyboard. 

3 ,3 Data-Aaquieition System 

A Digii’.al Equipment Corporation PDP-lS/40 digital computer ia uaed for 
data acquisition and proceiaing. It has 18-bit words, 32 k of 800 nsec core 
memory, a real time clock, and an extended arithmetic el<snent for hardware 
multiply and divide. There are four fixed-head disks for high speed stor- 
age, four DECtape drives for bulk data storage, a high spefid paper tape 
punch and reader, a DECwriter terminal which prints at 120 characters per 
second, and an Infoton cathode-ray terminal. The system software monitor is 
a background/ foreground system and all system programs are resident on disk 
0 for fast access. A complete description of the computer system is given 
by BIRLEY and SECHRIST (1971), and BEAN and BOWHILL (1973). Data are digi- 
tised by a Hewlett-Packard model 5610A analog-to-digital converter. Its 
conversion rate is 100 kHz, corresponding to an apparent height resolution 
of 1.5 km. and it has direct memory accesn. The resolution is 10 bits and 
uses two* s-complanent coding. Thus, the 0 to 1 volt input range from the 
receiver corresponds to an A/D output of from 0 to 512 base 10. There is a 
16-channel multiplexer ahead of the A/D converter which has been wired to 
the digital input/output interface, so that the sampled channel can be set 
by computer control. The bite used to set the multiplexer channel are shown 
in Table 3.2, and the use of this system is explained next. 

The digital input/output interface on the PDP-15 computer allows the 
computer to control external devices. The subroutine OUT when called in a 
FORTRAN program transfers the contents of the accumulator into the input/ 
output interface which latches and holds that value until it is changed. 

The accumulator is loaded prior to the call OUT with the desired value by 
any arithmetic statanent. The interface was earlier used only for control 
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TABLE 3.2 Pin connections on the PDP-15 computer digital input/ 
output interface, card AlA, 


PIN NUMBER ON 
CARD Ai4 

BIT 

NUMB^ 

DECIMAL 

VALUE 

PURPOSE 

C2 

— 

— 

GROUND 

D2 

16 

65536 

A/D CHAN BIT 4 

E2 

15 

32768 

A/D CHAN BIT 3 

F2 

1/* 

16334 

A/D CHAN BIT 2 

H2 

13 

8192 

A/D CHAN BIT 1 

J2 

12 

4096 

QUAD 4 SELECT 

K2 

11 

2048 

QUAD 3 SELECT 

L2 

10 

1024 

QUAD 2 SELECT 

M2 

9 

512 

QUAD 1 SELECT 

N2 

8 

256 

UNUSED 

P2 

7 

128 

DPDT RELAY 

R2 

6 

64 

ANTENNA RELAY 

S2 

5 

32 

DIG. ATTN. 32 dB 

T2 

4 

16 

DIG. ATTN, 16 dB 


3 

8 

DIG. ATTN. 8 dB 

El 

2 

4 

DIG, ATTN. 4 dB 

V2 

1 

2 

dig. ATTN. 2 dB 

B1 

0 

1 

DIG. ATTN. 1 dB 
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of • di|iul •tttauator which can ha eowaaiidad to place aay value of attanu* 
ation ahead of the racaivar in I dl incraanta fra 0 to 63 dl. Thia ia 
uaed in coaputing a rasaivar calibration table before collecting diffeven- 
tial-abaorption data to correct any receiver non-linearitiea and during data 
collection to prevent receiver aaturation. Additional interface circuitry 
haa bean added to enable the input/output interface to control other equip- 
went. Table 3.2 ahowa the preaent uaea, and their bit nunber and decinal 
value. The firat aeven bita are uaed to control the digital attenuator 
atagea, where the decimal value loaded ia the vAlue of attenuation added. 

Bit 6 controla a coaxial tvo-poaition antenna relay which riritchec the 
receiver input between the antenna feed and a low-level 2.66 MUa aignal from 
the trananitter oacillator for uae in calibrating the receiver. Bit 7 
controla a DPDT relay which ia preaently uaed during antenna polarization 
adjuatnenta with the program POLCHK to switch in attenuators during the 
ordinary mode pulse return (see WETLAND and BOWHILL (1978), p. 27). Bit 8 
is unused. Bits 9 through 12 are used to select the desired antenna quad- 
rant connected to the receiver. The quadrant switching unit is designed so 
that all antenna quadrants are normally being fe to the receiver, so that 
when a quadrant is to be selected, the summation of the values of the three 
unwanted quadrants is loaded. The values to be loaded to select each quad- 
rant are; quadrant 1 ■ 7168, quadrant 2 - 6656, quadrant 3 - 5632, quadrant 
4 « 3584. Bits 13 through 16 are used to command the A/D converter multi- 
plexer to sample a specific channel. The channel signals are fed to the 
Digital Equipment Corporation custom A/D interface M904 card, slot B23. Two 
switches were added to the rear A/D connection panel to select normal or 
PDP-IS control of A/D channel selection. 

3.3.1 Diffevential'-ahsorption data ootleotion progvems. Since the 
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fall of 1972 1 iiffaraotUl-abaorftioii alaetrea eoaeoBtcatioa data hava ba« 
eollaetad at tha Aavoaoay Laboratory fiald atation (toograybia ooordUataai 
40* 10* ion I 81*09 *3511) daily aaar ooon doriog tba viator ■oatho* Tba 
•taadard diffaraatial-abaorytioa data eollaetioa progroa DL06D baa baaa uaad 
with ainor aodifieatiooa tbrougbout tbia tiva yoriodi Tba traaaaittad fraia 
coniiats of two piiltaa (ordiaary and axtraordioary aodaa) aayaratad by 33 
mS, rupaatod ovary 400 aa abown in Figura 3tllb. Tba progroi baa pro- 
viiioni for raceivar ealibration» noiia rajaetion, roal-tiaa proeaaaing of 
data, prevention of raceivar aaturation, printouti of alaetron eoneantration 
prof ilea and aaturation information every 3*4 ninutaa, and a final auanary 
of electron concentration and other inforauition at tha and of ita approxi- 
t&ately one hour of data collection. Proeaaaing of data to ealeulata tha 
electron concentrationa ia done in real time during data eollactioo, Tha 
operat:ion of this collection program will be aummarized hare. A complete 
discussion has been provided by BEAN and BOWHILL (1973), 

The program is loaded and initialized with date and time, and then it 
switches the calibration signal into the receiver input. The receiver ia 
then automatically calibrated using the digital attenuator to atep through 
its 63 dB range. An output versus input characteristic for the receiver ia 
calculated and stored in a linearization table for correction of all data 
collected, to eliminate non-linearities in the receiver. After the receiver 
calibration, data collection is started. The A/D converter samples every 
1.5 km in the altitude range of 45 to 90 km. The five data samples taken 
from 45 to 51 km, where no returns due to electron-concentration gradients 
are expected, are used as an estimate of the noise that is present on the 
returns from all altitudes. In this discusion, the array of data obtained 
at all altitudes from a single pulse will be called a data frame, and 512 
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(b) 


(a) Four-pultc data fraoa uaad for drifta Maaurananta. 
<b) Two-pulae data fraoM used for diffarcntial-abaorptlon 
meaaurenenta. 
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txmm* of data, corrttponding to 3.4 ainutM of data collaction, conatituta 
a data fila. 

To obtain an aatiaata of tha noiaa, tha firat nina fraaaa of a fila ara 
exaained to find tha ■axiaua of that frana'a noiaa aaaplaa. Tha nina BaxiM 
ara coaparad with aach othar to find the lowaat aaxiaua. Tha aua of tha 
five noiaa aaaplaa froa tha fraaa with tha lowaat aaxiBum ia divided by five 
to dataraina the average. Thia average ia aultipliad by the aquara root of 
a multiplying conatant to give a nuabar called tha aaxiaua allowable noiaa. 
Tha multiplying conatant haa bean choaan to give uaaabla reaulta. Any frame 
with an average noiaa level (determined from the five noiaa aaaplea) larger 
than the maximum allowable noiaa ia rejected. The average noiaa from all 
framea in a file la later aubtraeted from the aignal returna from each alti* 
tude. 

To avoid receiver aaturation problema, any aignal that ia above the 
aaaumed receiver aaturation level of one volt output ia rejected. To avoid 
aaturating the receiver, filea are alternately collected with 0 dB, 10 dB 
and 25 dB of attenuation ahead of the receiver. The loweat attenuation file 
where an exccaaive number of the data at that altitude arc not aaturated are 
retained for further proceaaing. To make thia aelection, if more than 10 of 
the 512 aamplea collected in a file at that attenuation were above the aatu- 
ration threahold at that altitude, the data from the next higher attenuation 
file will be uaed for that altitude. Thua, a file of unaaturated data ia 
obtained from each group of three filea collected at different attenuationa. 
Five of theae unaaturated filea (from a total of 15 filea) are collected in 
juat under an hour. The median of the five unaaturated valuea of electron 
concentration ia then calculated for each altitude. Data arc analyaed for 
the altitude region of 60 to 90 km, and a final profile for the hour of data 
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colltcCion it printed. Thn data digitittd froa 52.5 throuth 5S.S art not 
ratainad for proeaaaing by tha collection progran. Finally , avaragaa are 
calculated for 3**karwida alaba cantered at 72. 76.5 and 81 ka. Thia ia dona 
by averaging tha alactron-danaity valuaa for two adjacent altitudaa. For 
exaaplai tha 72 ka electron danaity ia obtained by averaging tha valuaa froa 
70.5 and 72 ka. Since tha electron concentration at 70.5 ia obtainad froa 

in(AJA) -in(AjA) O.l) 

* 72 km * 70.5 

and the electron concentration at 72 ka ia obtained from 

in{AjA)\ -iJ^iAjA) (3.2) 

^ ^ 173.5 km ^ ° 11 km 

The average of theae two ia repreaentative for 72 ka. Theae average valuaa 
of electron concentration are calculated for 72, 76.5, and 81 ka daily, and 
are plotted along with the A IA at 81 ka (inveraely proportional to the 
total electron content below 81 ka) for further atudy. 

3.3.2 Drifte data aolleotion programe. Since only one receiver 
ia available, a four-pulae frame auat be tranaaitted during data collection 
for the drifta experiment, with the receiver input awitched to a different 
antenna quadrant during each pulae. The tranaaitted pulae frame ia ahown in 
Figure 3.11b. The delay between aaapling the varioua quadranta auat be 
taken into account during the proceaaing of data. The data are collected 
under control of the PDP-15 . which ia alao controlling the antenna quadrant 
awitching unit ao that problema in aynchroniting the quadrant avHching with 
data atorage in the correct array do not ariae. Data are collected in 
groupa of 512 fraaea conatituting a file of data that takea about 3.4 ain- 
utea to collecta. During collection, the fading recorda froa the four quad- 
ranta are atored on magnetic diak, or on DBCtape for later proceaaing. The 
collection tiae of about 3 ainutea ia uaed to enaure aufficient atatiatical 
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Bfability of the correlation eatimatea and to alto remain within the limit- 
ing period of atatiatical atationarity of the fading proceaa. The 3.4 
minute period waa choaen on the baaia of data analyaia carried out by othera 
(STUBBS, 1973), and becauae the 312 length fading aeriea would be a conve- 
nient length for poasible faat-Fourier tranaform analyaia. Other groupa 
(VINCENT et al., 1977) have found that one-minute filea were long enough to 
provide, good reaulta, and the additional time reaolution waa of value in 
studying rapidly varying winda and wave motions. 

The collection programs available are listed in Table 3.3, along with 
their subroutines and comments on their use. The first collection program, 
DRIFTl collected data from 60 to 90 km in 1.5 km intervale. Because of the 
wide altitude range, it wns difficult to keep a good signal-to-noise ratio 
for the fading records at all altitudes. To prevent receiver saturation at 
the upper altitudes (which would cause problems when estimating the correla- 
tion functions) the aystem gain would have to be reduced. This degrades the 
eignal-to-noise ratio at the lower altitudes. With a reduced signal level 
it was difficult to get any usable returns below 72 km. It was decided tha 
the altitude range of collection should be reduced, and the system sensitiv- 
ity increased also. The range of altitudes was changed to include only the 
range of 70.3 to 81 km. The number of altitudes where data were sampled in 
that range was also reduced to six. This was done to reduce the amount of 
data storage needed on magnetic tape. The data collected at 20 altitudes 
for 3.4 minutes required the storage of 40K words of dai.a, or about one 
third of the capacity of a DECtape. This would have required a good deal of 
storage for closely spaced data collection. The six altitudes chosen corre- 
sponded to the six altitudes where daily differential-absorption data an; 
obtained (i.e., 70.3, 72, 75. 76.3, 79.3, and 61 km). The program DRIFTL 
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XABLE 3.3 Partial reflection drifta data collection programa 


PROGRAM 

SUBROUTINES 

COMMENTS 

DRIFTI 


Collects data from 60 to 90 km in 1.5 km inter- 
vals (fills one third of a DECtape with one file 


STOP 

Checks for collection stopage 


TICK 

Counts seconds from computer clock 


OUT 

Sets digital attenuator and quadrant 


PP(|» 

Checka data switch on console for a 1. 


CT1ME2 

Calculates the time of day 


IN PAD F 

A/D service routine 


SYNC 

Sets a timer to check quadrant collection order 


CLOSE , EN TER 

System programs 

DRIFTL 

Same as 
ibove 

Collects six altitudes. 10 files fit on one 
DECtape. Used for collection until March 18, 

1979. 

DRIFTH 

Same as 
above 

Collects six altitudes (75, 78, 81, 84, 87, and 
90 km). 10 files fit on one DECtape. Used for 
all collection after March 18, 1979. 
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wa» written to collect data at these six altitudes. Data are collected in 
files of 512 samples requiring; 3,A minutes to collecti and ten data files 
can be stored on one DECtapc, This program was used for data collection 
during the winter of 1978-1979, until March 18, 197S 'n it was replaced 
by another i .ta collection program. 

The system was at full sensitivity and returns were not saturating the 
receiver at 81 km, and the returns at 70.5 and at 72 km were seldom usable. 
It was thtMi decided that the collection altitudes should be moved up and be 
evenly spread in the altitude range of 75 to 90 km. The program DRT/TH was 
written to collect data at 75. 78, 81, 84, 87, and 90 km. The system sensi- 
tivity must be reduced slightly to prevent receiver saturation at 90 km, but 
returns at 75 km are still usable. Ten files of data can be stored on a 
DECtape for processing later. This collection program generally provides 
the maximum number of usable altitudes of returns using a single system 
sensitivity at our location, and was used in all drifts data collection 
after March 18, 1979. 

The collection progrmn is stored on DECtape and copied onto disk 3, 

The fading series are stored on disk 1 during collection, and later trans- 
ferred to DECtape for later processing. Data should not be written directly 
onto DECtape during data collection because the access time in writing the 
data is too long, and the real-time collection process would be delayed dur- 
ing the tape write. The program is loaded with the computer device assign- 
ments: A DK3 -4, -5/DKl 2(RETURN), The program is loaded by the system 

program GLOAD with its subroutines (listed in Table 3,3, and stored in the 

subroutine library ,LIBR5) by typing: DRIFTH (ESCAPE), The program will 

ask for the time, date, the number of samples to be collected, the attenua- 
tor, and the name of the file to be written. The number of samples is 540, 
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and the form of the file name la CHECKXDAT, where X is a number from 1 
through 9 or the letter A. The date, time, and attenuation for that file 
are written in the first block on the data file for later identification. 
Data collection it started by switching data switch 00 on the computer con- 
sole to the 1 position. The subroutine INPAD is the A/D converter service 
routine which stores 31 data samples into core memory. Samples are obtained 
from 43 to 90 km in 1.3 km intervals, but only six altitude samples are 
eventually written onto disk storage. To check that the computer and A/D 
converter are synchronized, a call is made to the subroutine SYNC before the 
last two antennas are sampled. SYNC sets a timer and upon the expiration of 
the time checks to see that both sets of samples were collected. If they 
have not, the computer and A/D converter are not synchronized and the data 
from the first two antennas are discarded and collection starts over from 
the first antenna. To check for failure of the A/D interface to transfer 
data, the subroutine STOP sets a 1.3 second timer. At the end of this time, 
the flag IRUN is checked. This flag is set to 1 at various parts of the 
program to signify that collection is continuing. If IRUN is 0, collection 
has stopped, and STOP forces it to begin again. Data from the six sampling 
intervals are packed into an array for writing onto the disk after every 
tenth data frame is collected. Listings of the program DRIFTH and its sub- 
routines are provided in Appendix V. 
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4. DATA-ANALYSIS TECHNIQUES 
4,1 AnaUjidi^ of Pfffu^efitial-'Alwi^^yiion Data 

The data collection program normally uaed (diacuased in Chapter 3) pro-* 
videa a printout of electron concentration, ordinary mode return amplitude, 
extraordinary mode return amplitude, and information on the number of framea 
of data rejected becauae of noiae or receiver aaturation, for the altitude 
range of 60 to 90 km, every 3.4 minutea. The ordinary mode return atrength 
and rejection due to receiver aaturation information ia useful in setting 
the amount of attenuation needed to prevent receiver aaturation during the 
collection of drifts data. The dif ferential-abaorption experiment ia there- 
fore normally run before collecting drifts data to prevent receiver satura- 
tion. 

Data collection is normally made during the winter months, for one to 
two hrurs per day, for comparison with drifts winds measurements, meteor 
radar winds measuir^i^mente , and horizontal winds derived from the coherent 
scatter radar system at Urbana. Data have also been collected on many days 
for periods of 8-9 hours per day for the study of the diurnal asymmetry in 
electron concentrations, and to form time series of electron concentrations 
to study gravity and planetary waves. Many of these topics will be dis- 
cussed in later chapters. 

Errors in the calculation of electron concentrations may arise from 
errors in the signal amplitudes due to the finite number of samples taken, 
systematic errors due to the assumed reflection process, and short-term var- 
iations in electron concentrations due to wave motions. The experimental 
uncertainty in electron concentrations at Urbana was estimated by comparing 
consecutive electron concentration profiles from two one-hour data collec- 
tion runs during the time of day at noon when the solar zenith angle is 
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varying alovly (Wratt, in EDWARDS^ 1973). The uncertainty due to scatter in 
the data waa 16 percent at 76.3 and 81 km, and 24 percent at 72 km. This 
doea not include the ayatematic uncertaintiea due to incorrect aaaumptions 
in modeling the experiment, auch aa the approximately 10 percent error from 
aaauming a possibly incorrect ref lection mechanism (see Chapter 2). AUSTIN 
(1971) concluded that the experimental uncertainty of data collected at 
Christchurch, New Zealand was about 20 percent. 

4.2 AnaLijeuy of Dmfto Data 

The data collection program provides a set of four fading time series 
at each altitude being sampled. Figure 4.1 is a typical plot of the fading 
time series shaped at the four antennas. The time between samples is 0.4 
seconds, and the total record length is 3.4 minutes. A highly sinusoidal 
variation in the fading is seen in the early part of the record, with a less 
regular variation in the remainder of the series. The features shown in the 
fading series at each antenna do exhibit very consistently similar features. 
The method of similar fades could be used to estimate the apparent drift 
velocity directly from this figure. The features shown in the S/E fading 
series are delayed by about two sampling lags (0.8 seconds) from the fea- 
tures of the S/W fading series. This would indicate an apparent velocity of 
about 100 m/s towards the east. The N/E fading series shows a similar delay 
from the N/W fading series, as would be expected. The delay in the fading 
series from the northern quadrant fading series to the southern quadrant 
fading series indicates a delay of about two lags for both pairs of series, 
indicating a southward apparent drift velocity of about 100 ir/s. 

Although the period of fading is changing throughout the sampled 
series, the relctlve time delay between the fading remains fairly constant. 
The constant delay will give apparent velocities that are correct from this 
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Figure 4.1 Plot of typical fading series iseasured at the four antennas. The tii 
between samples is 0.4 seconds. 
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but the varying pariodicity in tha fading aariaa cauaad by varia- 
tiona in tha aiaa of tha ionoapharic irragularitiaa will cauaa arrora in tha 
calculatad oorrtlation allipse uaed in correcting the apparent velocity to 
obtain tha true velocity. Thia ia one of tha najor aourcaa of error in the 
drifta vinda analyaia. Thia error can be reduced by aelecting a ahorter 
aagnant of tba aariaa aanpled, where the fading procaaa ia atationary. Thia 
could only be dona after tha aariaa ia collected. Collecting a ahorter tine 
aariaa would on average provide a nuaber of aariaa that era nore atationary. 
but aona of tha aariaa would ba collactad with a low dagrae of atationarity , 
yielding large arrora in tha charactariatic allipaa uaad in calculating the 
true velocity of drifta fron that fading aariaa. 

Bacauaa tha four antenna quadranta are not aaaplad ainultaneoualy , the 
delay in aaapling three of tha four quadranta muat ba taken into account. 
Since tha fading in tha D region generally axhibita alow variationa (corre- 
lation coefficient a down to 0.5 after about 5 aaconda) co-npared with the 
aaapling period of 0.4 aaconda. and aince the dalaya in aaapling for the 
N/W. 8/V. and 8/E quadranta are 0.033. 0.066. and 0.099 aeconda. reapec- 
tivaly. a aiapla linear interpolation ia juatified. 

4.2.1 Noise reduotion methods. Noiaa ia not ae auch of a problm in 
aaking drifta aaaaureaanta at it ia in the diffarential-abaorption experi- 
aant. becauae corralationa of fading aeriea are being taken. lapulaive 
noiaa auch aa atatic diachargea will cauae a higher peak in the autocorrela- 
tion at aero lag. Errora in the autocorrelation function can cauae errora 
in tha charactariatic allipaa. giving errora in the calculated true veloc- 
ity. If all four quadranta were aaapled aimultanaoualy . atatic diacharge 
noiae would appear on all fading aetiaa at the aane tine, and thua would 
cauaa a higher croaa correlation at aero lag. Becauae the four quadranta 





are not being aanpled aimul taneoualy » and atatic diacharge noiae ia not 
uaually of long enough duration to appear on more than one fading aeriea^ no 
apuriour peaka will be formed in the croaa-cor relation functiona. 

In order to deviae aome meana of reducing the effecta of noiae on the 
correlation functional the characteriat ica of the fading aeriea were 
atudied. It vaa noted that the amplitude of adjacent aamplea in the time 
aeriea from the receiver never changed by mote than 1/10 volt (about 3 
pointa on Figure 4.1) • One exception can be aeen in Figure 4.1, at the 
arrova, where atatic diacharge noiae haa contaminated the data from three of 
the four quadrants • Algorithms t eliminate such noise from a normal fading 
series were then devised. To test the usefulness of noise reduccion algo- 
rithms, a fading series with static discharge noise and very little signal 
return was collected at a low altitude when a storm was nearby. Figure 4.2 
shows the fading series with no noise reduction algorithm. Spikes in the 
series are shown at the occurrence of static discharges (the residual signal 
levels shown after the ; aka are due to the linear interpolation used be- 
cause the quadrants are not nampled simultaneously). 

In noise algorithr 1, if the signal level at a sampline time changed by 
more than 30 (the increment 30 from the A/D converter output corresponds to 
an increment of 1/10 volt from the receiver output), then the mean of the 
level at the points before and after it were used in its place. 

If: |IDATA(I) - IDATA(I-1)| > 50 

Figure 4.3 showt the reaulcs of procestiog the noisy date set of Figure 4.2. 
The algorithm does reduce the level of the spike in half, but produces a 
long "tail" of residual noise. 
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To r«duc« the l«v«l of tb« spilui to iMt than half ita iaitial valaa* 
and CO aliBinatt Cha "tail", algorlthn 2 waa davalopad# In thia algwitl»i 
if Lha Imral at a laapling fiaa changaa by Bora chan 50 irom tha aaapla ba*> 
fora it, than cha nagnituda of Cha changa ia linitad to 50. 

If: IIDATA(I) - IDATA(I-l)] > 50 

Than aat: IDATA(I) - IDATA(X-l) 4^ 50 

Or if; [IDATA(I) - IDATA(I-1)1 < -50 
Than lat: IDATA(I) - I0ATA(I-1) - 50 

Figure 4.4 ahowa Che reaulc of putting the noiay data aagBanc through thia 
algorithm. The magnitude of the apike, and hence tha poaaible error in the 
correlation functiona calculated from the aeriea haa been reduced conaidera- 
bly. It ahould be noted that the noiay data uaed in teating ahowi tha 
worat-caae noiae reduction capability of the algorithm, and with the returna 
at the deaired level the average aignal level ia near one-half volt, ao a 
noiae apike aaturaCing the receiver would be only a factor of two larger 
Chan Che average aignal level. Thua, the receiver ia limiting the relative 
magnitude of a noiae apike, making it more eaaily reduced by the noiae 
algorithm. 

4 . 2.2 DHfta data analyaie progmme. The data filea collected by 
Che collection programa DIFTHL and DRIFTH conaiat of 512-aample fading 
aeriea, from four quadranta, aampled at aix altitudea. Ten of theae filea 
will fit on a DECtape. The programa Chat have been written to proceaa theae 
data tapea are ahown in Table 4.i. The program DRIFT? waa written Co read 
in the data file and proceaa the aeriea from one altitude to calculate the 
true velocity of the wind. When loaded Che program will aak for the name of 
the file Co be proceaaed and Chen Che height in kilometera to be proceaaed. 
The form of the file namea that ' '^ve been uaed ia CHECKXDAT, where X ia a 
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TABLE 4.1 Drift* proc***ing progr^* for d*t* fil** coll*ct*d by DtlFTL or 



DRirm d*U coll*ctloo progroB*. 

PROCBAM 

SUBROUT ^B8 

COMMENTS 

DRirrp 


Procaaaaa a aingl* altitude in a aingl* fU# 


BRIGGS 

Full correlation analyal* 


BRIG 82 

Continuation of BRIGGS 


CORLAT 

Calculate* correlation* 


TAUCEF 

Find* p ■ 0.5 on correlation curve* 


MATS 

Calculate* correlation elllpae 


ARCUS 

Calculate* apparent drift 


ARCTAN, AHGLRN 

Function* 


SEEK, CLOSE 

Syaten prograai* 

DRIFTQ 

Sane •• above 

Proceaaea a alnglc fil* at all *i* altitude* 

DRIFTR 

Sane aa above 

Proceaaea all *i» altitude* for ten file* on a 
tape 

DRFTPL 


Plot* fading pattern* at four antenna* for one 
altitude 


PLOT 

Plotting routine 


SEEK, CLOSE 

Syatem program* 
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numbtr or th« lotttr A. Thui, tht ton fil«t on • DECUpt art idnntifiod by 
one through A. Proceeiing e lingle altitude for all four antenna combina- 
tiona (to be diecueaed later in thia aection) requirea about ten ninutea. 

Thia program vaa later modified to proceaa all aix altitudea for a deta 
file, and named DRIFTQ. When loaded, DftIFTQ will aak for the file name to 
be proceaaed, and the altitude where proceaaing ia to begin. The proceaaing 
ia normally atarted at 70.3 km, and the program will automatically cycle 
through the aix altitudea in the data file. If the proceaaing needa to be 
interrupted, it can be reatarted at any altitude deaired. The time required 
to proceaa all aix altitudea ia about one hour. 

The progrea vaa again modified to automatically proceaa a full DECtape 
of ten data filea at all aix altitudea. The time required to proceaa a 
DECtape ia about ten houra, and ia uaually done overnight, when the computer 
ia not otherwiae in uae. Thia program waa nairod DRIFTR. A good deal of 
effort wao required to fit thia full-correlation analyaia progrmn in the 32K 
of computer memory, and all but « few memory locationa are in uae. The 
operation of the program and the eubroutiuea uaed to calculate the true 
velocity will be discuased next. 

DRIFTR io firat loaded wi'fh its aubroutinea onto diak 3 from the pro- 
gram DECtape labeled "DRIFTS FROCESSING". The binary code of the program on 
the tape has been named DR, and the required subroutines (listed in Tacle 
4.1) have br^en renamed the numbers 0 through 8, for ease in loading. The 
DECtape to be processed is mounted onto tape drive 2. The computer device 
assignments for progrwo loading are given by: A DK3 -4/NONE -5/DT2 2 

(FETURiO. The programs are loaded by the system GLOAD by typing in: 

DR, 0, 1, 2, 3, 4, 5, 6, 7, 8 (ESCAPE). The program will then load and 

execute. The progran begins by reading in the data from the first file at 
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th« lowMt altitude. The filee are aaaumed to be naned CHECKIDAT through 
CHBCKADAT. The data collection date, tinw, altitude, and receiver attenua- 
tion are read from the header on the data file and printed. Data on the file 
are written in blocka of 240 words. A block formed by the collection pro- 
gram conaista of ten f ranee of data (four quadraita at aix altitudea for ten 
franea givea 240 worda). Thua, fifty-two reada are required to read in the 
full data file. While the file ia being read, the data are atored in the 
array IDATA, which ia dimenaioned 4 (quadrant number) by 512 (aample 
number). Next, an interpolation ia performed to correct for the fact that 
the four quadranta are not aimultaneoualy aampled. 

Becauae of the 3 ^ mo apacing between pulaea, the aecoti, third, and 
fourth quadrant aampled are aampled 33, 66, and 99 ma later, reapectively , 
than the firat quadrant. The fourth quadrant aampling ia a aignificant 
fraction (one-fourth) of the 0.4 aecond period aaaumed between pulaea. The 
aamplea are corrected for thia error by a linear interpolation. A aample of 
a relatively alowly varying function taken aome amount of time after ita 
aaaumed aample time containa a fraction of the level that would be aampled 
at the next aaaumed aampling time. To correct for thia, the difference be- 
tween the next aample and the current aample ia multiplied by the fraction 
of the aampling interval that the particular quadrant ia delayed and aub- 
tracted from the current aample. 

The data are next proceaaed by nciae algorithm 2 to reduce impulaive 
noiae. The average aignal level for all four fading aeriea ia then aummed 
and atored in the variable AVNOIS, and printed for uae in determning the 
quality of the data. Since the full correlation analyaia requirea only 
three fading time aeriea, the extra time aeriea collected reaulta in a four- 
fold redundancy in the data analyaia. The four different groupa of three 
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■eriei can be analysed separately to obtain four wind estleiates (though not 
entirely independent). The data acceptance yield can be increased because 
of this redundancy, as the various data selection criteria of the full- 
correlation analysis are often not met by all four of the three-antenna 
correlation analyses. In the present data analysis, winds estimates for all 
of the four three-antenna combinations are made, and wind estimates of those 
that meet the data selection criteria are averaged to obtain the final true 
velocity wind estimate for that altitude. 

The progrmn DRIFTR cycles through the four three-antenna combinations, 
and calls the subroutine BRIGGS for each combination to calculate the esti- 
mate of true velocity. The subroutine BRIGGS and the other subroutines that 
it calls (listed in Table 4.1) are described i" Appendix IV. The data eel' 
action criteria are also described there. Listings of the computer program 
DRIFTR and its subroutines are provided in Appendix V. 

The antenna quadrant numbering convention, and an illustration of the 
antenna quadrant combinations used in the four separate wind estimates are 
shown in Figure 4.5. The autocorrelation function obtained at each of the 
four antennas is shown in Figure 4.6. The variation is due to the fact that 
each antenna sees a different fading sequence, which can have different 
characteristics than the others. A return signal diffraction pattern may 
have a line of little variation traveling across one antenna quadrant, caus- 
ing a longer correlation time at that antenna. It should be noted that the 
correlation fimctions are seldom used beyond the fifth lag and the variation 
out to that lag is minimal. To rauove this statistical variation, the aver- 
age autocorrelation function from the average of the three autocorr«£lations 
is used for velocity calculations in the subroutine BRIGGS. The average 
autocorrelation function for each of the combinations of three antennas is 
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wind estimates. 




Figure 4,6 Autocorrelation measured from the fading series at each antenna quadrant. 
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shown in Figure 4.7. The average autocorrelation functions are very 
consistent out to the fifth lag. 

The cross correlation functions for each pair of antenna quadrants are 
plotted in Figures 4.8 and 4.9. The individual plots are identified by the 
antenna combination number followed by the antenna pair numbers in parenthe- 
sis (see Figure 4.5). The apparent velocity along the line of any of these 
sntenna pairs can be obtained from the lag number of the peak in the cross- 
correlation function. The antenna spacing is divided by the lag number 
times the sampling interval (.4 seconds). This velocity is reduced by a 
factor of one-half to obtain the corresponding ionospheric drift velocity. 

The correlation functions obtained at Urbana (40 "N) are smooth and 
symmetric, with a single peak. This leads to a straightforward analysis for 
the true velocity. MEEK et al. (1979) find that the correlation functions 
from data obtained at Saskatoon, Saskatchewan (52”M) are often irregular 
with multiple peaks, while those from Adelaide, Australia (31 *S) are symmet- 
rical and single peaked. They attribute the difference to the geographic 
location of the observing stations. There could be wind shears within the 
sampling volume, changes in the wind during data collection, or contamina- 
tion by interference fading between two layers. The effect on a particular 
fading record may vary, but the cause seems to be a basic difference in the 
ionospheric conditions at the high- latitude location. 

Having four velocity estimates from the fur combinations of three 
antennas to average will eliminate the errors introduced by using a non- 
isoceles triangular shaped antenna array (GOLLEY and ROSSITER, 1970; BEYNOM 
and WRIGHT, 1969a, b). The each found a tendency for the correlation ellipse 
used in the true velocity to be aligned along the direction of the hypote- 
nuse when right-angled triangles are used. This error can be ranoved when 




Figure 4.7 


Average of the three autocorrelations 
of three antennas. 


for each of the four combinations 
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Figure A. 8 Cross-correlation functions for three pairs of antennas. 
(See text for numbering convention.) 
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Figure 4.9 Cross-correlation functions for three pairs of antennas 
(See text for numbering convention.) 



I he* wind value* tai^ulalfd 1 1 om a ri^;ht tiiunj>;lf < an h<^ avt'iaK.e*d with the* 
wind value* cal rulat.t*d i i om anutlu*! rif,ht triangle/, it the* hypolt*muie t>l eHif 

I r langl i b |h* r priul i c ul a r to the* hy po i e^mwH' ot t hi* otlu*r t r i angl v , 

The* root im*an hquart* ve*ie»cxty ditle*rt*tuo 1 rom the* lour anteniVi v nnhina- 

I I o n b c a n h c c a 1 1 u I a 1 1 * d t o g i v t* a me* a a ur i: ut t i* x“ e* 1 l a b 1 1 1 1 y o t the w i mi 
tnena ur f5iu*nt H . To mako thin caleulation, a random ae l ol pa i r h ot true*- 
velocity wind calculationn irom adjae'ont antei. na trianglofi waa analyzed. 

l*ur oach pair of adjacent triangles the* diffe*rc*nce in the wind magnitude* war 
c a 1 c u I a t ed and a q ua r e* d . T he av e r age of th e* 8 S sq ua red d i f f t* r en c e a w a n t a ken 
to obtain the* root mean aquare velocity difference* The wind directiorm 
were treated in the aarae way* Thin analysia yielded an uncertainty in wind 
ma gn i t u de of 17 m/ a and in wind d i r e c 1 1 o n of 2 8 . 

The computer program DKFTFL waa written to read a data tile and plot 
the four antenna lading series , as in Figurr* 4*1 . Tliis is usetul tor check- 
ing the data at all antennas throughout the data file for low sigr^^l level, 
excessive noise, or receiver saturatior. 1 hf* i rogram is loaded with the 
computer device asbigninent: A DK3 -4/NONE -3/DT2 2 (RETURN)* The programs 

are loaded by the system program GLOAD by typing: DRFTPh, PLOT 

(escape). The program will ask for the file name and then the altitude to be 
plotted. The subroutine PLOT prints the plot, one data frame of four 
antenna returns per line, on the DECwriter teletype. Each column on the 
printout corresp>ond8 to a voltage increment from tiie receiver output of 0 „4 
volt, and receiver saturation corresponds to the 20 columns al loted to each 
quadrant on the printout. A listing of the program is provided in Appendix 


V. 



. C.HARAC TKKISTICS OK H.Kl’TRCiN CONi;i':NTKATION S A)^D WINDS MKASURKD AT URRASA 

'> J 

llfitiiui ( iiiK i-nt r.it 1 on {iiDlilofi brcn in« ats iii (*d daily uoai local 

noon ill tin- Aoionomy labuiatoi y Kicid Station dm iiiy, tlic winter monthi. nituc 
the tall ol ld;y. Data arc colloclec' lor t.cviral dayh per aionth dminp, the 
non-winif'i monthh. Diurnal diita collection iunt>, niarting in the uiorning 
lid coll, .(’ting data cm imiom, ly until dunk are made on a regular haaia on 
Quarterly World Dayt., and on otlier occauioiib to htudy the diurnal nnyninii-try 
in t“lectron i on, enti a 1 1 oni; , and lor obnervat i ona ol gravity wavi'b. 

Urbana i c located at the latitude (40‘) that i r. norinally considered the 
low- latitude cut oil tor observing the et tecta ol the winter anomaly (shij>- 
bojird lonoapheri, abaor pt i on meaiiurementa by SClLANINc; ( 1 97 3) allow the culoll 
at 17-38 N, aiui those of St.HWllNThK ( 1 976 ) show the cutolf at 40"N), but the 
electron concentration data obtained during the past years have always shown 
an increased variability during the winter months at Urbana, 

ligure ‘i.l is a plot of the coefficient of variation (standard devia- 
ation/mean) by month of electron concentrations at the three altitudes 
measured daily, during the months of October 1973 through September 1976. 

The ncrease in day-to-day variability shows itself as a clear increase in 
the oefficieiit of variation during th,> winter months of November, Dect‘mber, 
January, and February. 

The y ' ratio, whose logarithm represents the total differential ab- 
sorption occurring below that altitude, gives a good indication of the total 
electron content below that altitude. At this location, the AjA ratio at 
81 km can be reT'ably measured under daylight conditions. Since there ir> 
little ionizatiOn below 60 km (and certainly relatively far less than will 
simultaneously be found from 60 to 81 km), the /, J A ratio at 81 km \/ill be 




by month, of daily ilues. 


•X 
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affect»*d mainly by the «lectron content from 60 to 81 km, and thua will be a 
good indicator of the D-region electron content below 81 km. The A JA 
ratio is inversely proportional to the electron content, so that a low ^^1^,-, 
value indicates a high electron content. 

Evidence of increased wintir-time variability is demonstrated in Figure 
^.2. Th:- figure contains histograms of the ratio at 81 km for each of 

the months from November 1979 through March 1980. The distributions in the 
month', of December, Jani'".'.y, and February are much more broad than those 
found in the months of November and March. Data from the other seven win- 
ters of data indicates that the increase in variability in general also 
starts in the la^rr part of December, and continues through the month of 
February . 

Plots of daily values of electron concentration at 72, 76.5, and 81 km, 
and the A lA ratio at 81 km will be shc'wn in Chapter 9, when these data are 

.c , i 

compared wi:h wind measurements. 

5.2 cd U.'i ' ''n rdulu'cc 

The main purf>oBe of the data collected at Urbana lias been for the study 
of the winter anomaly. This requires the collection of data over a >uffi- 
cient length of time to average out short-term fluctuations due to the 
effects of gravity waves. A collection time of about one hour has become 
standard. The one-hour data collection yields 15 individual electron con- 
centration profiles, which is not a long enough time series for an analysis 
of gravity wave activity at that time. This analysis would require a few 
dozen points in a continuous time series. Many diurnal data collection runs 
of sufficient length have been made for the study of gravity waves. 

The partial-reflection drifts system was completed in the fall of 
1978, and winds data have been collected daily following the differential- 
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Figure 5.2 Histograms of at 81 km by month for the 

year 1979/1980. 
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•btorptioD data collaetion naar noon for tha vintar aontha. During tha 
diurnal data collaetion runa a wind profile wan obtained every hour. The 
nuaber of vinda profilaa colleetad per day vaa ineraaaed to three during the 
winter of 1980/1931. Tha Urbane aeteor-radar ayataa vaa operating for aany 
daya during tha paat aeveral yaara. and vinda obtained by that ayataa are 
available for coapnriaon with data obtained by the partial- ref lection aya- 
tea. The meteor radar ayataa runa arc continuoua runa laating for aeveral 
daya, and breaka are aade in their collection for one hour near local noon 
to allow tha computer to be uaed for the collection of partial-ruf lection 
data. On aeveral occaaiona during the winter and auaaer of 1980/1981 data 
were collected with the Urbana coherent-acatter ayatem on the aame day with 
the partial-reflection ayatem. Becauae the coherent-acatter antt.nna point- 
ing direction haa a amall horiaontal component towarda tha aoutheaat, that 
ayatem can meaaure the aoutheaat component of horiaontal wind. The reaulta 
of the .ompariaona with the coherent-acatter data ahow a general agreement 
in wind velocity meaaurementa. 

5.3 CharaateriatioB of Eleatron Conoentration and I MeaeurementB Made 

During the Winter of 1978/1979. 

Tte drifta experiment equipment waa in operation atarting on December 
26, 1978, and date collection atarted on that date. Table 5.1 ahowa the 
data collection achedule for the winter of 1978/1979. From December 27, 

1978 through January 10, 1979 data were collected for nine houra per day, 
from 0800 through 1700 local atandard time. The normal electron concentra- 
tion data collection program, which runa for about 55 minutea, waa run con- 
tinuoualy throughout the day with the extra five minutea per hour uaed for 
collection of a drifta wind profile. The collection program printa out an 
electron concentration profile isvery 3.4 minutea, and the long time aeriea 
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TABLB 5.1 D«t« coll«ctlon schtdul« for th» winter of 1978/1979. 


Eloctron c oneontrntion (11) nod drift* ¥i94 


>EC 26, 1978 

1 hour M, 1 wind profile 

DEC 27 -JAM 10, 1979 

9 houre M, 9 wind profiles 

JAM 11-FBB 22 

1 hour N, 1 wind profile 

FEB 23-MAR 1 

9 hours M, 9 wind profiles 

MAR 2-APR 16 

1 hour N, 1 wind profile 


M«tnor rndnr wind dnU 
JAH U, 1979-JAN 21,. 1979 
FEB 19, 1979-FEB 20, 1979 
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formed from thaoo dote arc uaad to atudy the af facta of vava motiona» and 
the diurnal aayaMtry in electron concactrations. The nine drifts wind 
prof ilea, collaetad for aa much of tha day for which returns can ba obtained 
from tha D region at this location, are averaged together to provide a 
■ingle eetimata of tha prevailing wind. 

Following the diurnal data collection runs, tha mataor-radar ayatmi was 
operating for tha next tan days, providing a good maaaurmaant of tha 24-hour 
prevailing wind. Data colisctad fer tha ramaindar of the winter consisted 
of one hour of electron concentration -iata followed by a aingla drifts wind 
profile, except for the period of February 23 through March 1, where diurnal 
data collection runs were made. A partial solar eclipse occurred (76X ob- 
scuration at Urbana) on February 26, 1979. 

5.4 Charjoterietioe of Eteotvon Conoentpation and Wind Meaanremente Made 

Puidng the Wintev of 19?i>/W80 

Table 5.7 shows ti \ data collection schedule for the winter of 1979/ 
1980. During this winter, one hour of electron concentration data followed 
by a aingle drifts profile were collected from November 4, 1979 through 
April 15, 198(1, except for the diurnal data collection runs of February 26 
through March 11, 1980. Meteor-radar wind data are available for 22 days 
during this winter, as listed in Table 5.2. 

5 ,5 CharaotepiotioB of Eleoiron ConaentxKxtion and Wind Meaeuremente Made 

During the Winter of 1980/1981 

During thia winter theri were amny days when the meteor-radar ayatsm 
and the coharent-acatter system ware operated, providing opportunitiea for 
comparison of data obtained by *-hese aystams. Table 5.3 shows the data 
collection schedule for each of these experiments. Data from the partial- 
reflection experiment were, in general, collected from December 1, 1980 
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TABLE 5.2 Data eollaetion ichadula for tha vintar of 1979/1980. 

Elactron coPCM itration (W) and drifta wind data 
HOV 4, 1979-m 25, 1®»H) 1 hour H, 1 wind proflla 

FEB 26, 1980-MAR 11, 1980 6 hourr H, 5 wind profilas 

MAR 12, 1980-APR 15, 1980 1 hour H, 1 wind profila 

Mataor radar wind data 
JAN 10, 1980-JAN 24, 1980 
F£B 16, 1980-FEB 22, 1980 
MAR 13, 1980-MAR 25, 1980 
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TABLE 


5.3 Data collaction achadula for Pall 1980 through 8 


Blactroo concantration 
DEC 1, 1980-DEC 5, 1980 
DEC 6, 198C-DEC 15, 1980 
DEC lb, 1980-DEC 19, 1980 
DEC 20, 1980-JAN 19, 1981 
JAN 20, 1981 -JAN 23, 1981 
JAN 24, 1981 TEB 2, 1981 
FEB 3, 1981 -FEB 8, 1981 
FEB 17, 1981 -FEB 19, 1981 
AUG 3, 1981 -AUG 4, 1981 


(N) and drifta wind data 
1/2 hour N, 1 wind prufila 
2 hours N, 3 wind prof 11 aa 
1/2 hour N, 1 wind profile/ 
2 hours N, 3 wind prof il as 
1/2 hour N, 1 wind profila 

2 hours N, 3 wind prof il as 
1/2 hour N, 1 wind profile 
1/2 hour N, 1 wind profile 

3 N and 3 wind profiles 


Meteor radar wind data 
DEC 2, 1980 - DEC 5, 1980 
DEC 16, 1900-DEC 19, 1980 
JAN 20, 1981 -JAN 23, 1981 
FEB 3, 1981 - FEB 8, 1981 
FEB 17, 1981 -FEB 20, 1981 


Coherent scatter data 
NOV 11, 1980 

DEC 10, 11, 22, 23, 1980 

JAN 14, 15, 16, 26, 27, 28, 29, 1981 

AUG 3, 4, 1981 


r 1981. 
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through February 19| 1981* During thia vinteri tha daily data collection 
tine vae doubled. A drifte vind profile vae firet nade, followed by an hour 
of electron-concentration data cc* ': action, a winde neaeuraBent, a aecond 
hour of electron-concentration data, and ending with a third winde aieaeure- 
want. By averaging the three wind prof ilea for each day, tha ef facte of 
many of the ahort-tem fluctuationa can be removed, providing a better aati- 
nate of the 24-hour prevailing wind. Thia collection procedure wee modified 
to fill about one hour during the 20 daya that the meteor-radar ayatem waa 
operating. 
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6. C0NPAII80M8 OF BLBCTROM C0NCBN7IAT10M8 
AND PAITIAL-BEFLBCTION DBIPT8 WINDS 

6.1 JHtwduaHon 

Id this ctuipttr, the corralation of oloctron concontrationi at Urban* 
and drift* vinda at Urban* will b* diacuaaad. A poaitiv* corralation b*~ 
tvaan aouthvard Mridional vinda and incraaainB alactron concantration vould 
be conaiatant vith th* theory that th* tranaport of ioniaabl* ainor 
conatituanta contributaa to tha incraaaad variability in electron concantra- 
tion in the D region. 

A previoua atudy of the relationahip between aieridional vinda and 
electron concentration* neaaured at the aane location vaa nade by MEBK and 
HANSON (1978), at Saakatoon. Saakatchewan. Their compariaon vaa aude uaing 
data froa 1*3 hour aeta of data taken near noon froa 11 day* in January and 
February, 1976. Wind* were calcuiar.ed uaing the full-correlation analyai* 
of the drift* data, and a differential-abaorption ayaten vaa uaed to 
detenaine the electron concentration profile*. They did not find that the 
peak* in electron concentration were obvioualy connected vith the wind 
direction. Croaa correlationa between northward wind conponenta and 
electron concentration* at the aame altitude were computed. The largeat 
correlationa were ahown at 73 km, with a correlation of *0.46 (601 
aignificance level of *0.44 (56X aignificance level). They were not able to 
determine if the variation in ionication vaa due to a quaai-continuoua 
auroral activity leading to a latitudinal gradient in NO over Saakatoon, or 
that atrong auroral eventa produced iaolated accumulationa of NO at higher 
latitude* which could be aported to Saakatoon. The firat theory would 
predict little time delay between change* in th* meridional wind and change* 
in electron concentration. Th* aecond theory vould predict a tiam delay 
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corrMponding to th# titM required to treneport NO from the region of 
eurorel ectivity to Seeketoon. 

FRASBt et el. (1981) sMde e etudy of the reletionehip between the 
■eridionel vinde end electron concentretione aeeeured et the eeae loeetion 
in the eouthern henisphere (et Christchurch, New Zeelend, 44*8). They Met- 
ured winds using e partiel*>ref lection drifts syi«tSB operating 24 hours per 
day, end electron concentrations were sieesured near noon by the differential 
ebaorption technique. During the winter of 1978 they obtained 22 days of 
date end celculeted the correlation between the daily winds and electron 
concentrations. The highest correlation was found between the electron 
concentration at 6S**75 ka and the neridional wind at 80 ka. with the signify 
icance at the 12 level. The other correlation observed that was significant 
was between the electron concentration at 60-65 ka and the 85 ka winds 
(significant at the lOX level). They found that there was no tiae delay 
bet^aen the winds shifting more towards the north and the electron concen- 
tration increasing. This would indicate a gradient with latitude of NO 
concentration. The fact that the greatest correlation was found for winds 
data aessured higher in altitude than the electron concentration indicates 
that a downward vertical transport is present as well. 

In the next three sections, data obtained by the Urbana partial- 
reflection system will be analyxed to deteraine the relationship between 
variability in electron concentration and the winds in the D region. 

6.2 Obeervationa From the Winter of 1978/1979 

During the winter of 1978/1979. data were collected from 0800 through 
1700 local standard time, for fifteen consecutive days. In this analysis 
the winds obtained every hour throughout the day were averaged together. 

The winds at the six altitudes measured (in 3-km intervals, from 70.5 to 81 


92 


km) ««r« av«r«t«<l Cot«th«r to provide a Moauro of tha avaraga prevailing 
wind for tha day in tha D region. Tha electron concantrationa uaad in tha 
coapariaon rapreaant ona-hour avaragaa taken around noon. Thia rapreaanta 
data froa fifteen individual electron-concentration profilaa. 

Figure 6.1 ia a plot of tha daily valuaa of electron concentration at 
72, 76.5. and 81 ka. tha AJA ratio at 81 ka, and tha aiaridional wind coar* 
ponant, for tha fifteen-day period. Tha theory that aouthward tranaport of 
NO vniiancaa electron concantrationa would predict a paak in alactron concen- 
tration at pointa wnara tha aaridional wind waa aouthward (a ainimuBi on the 
figure). Whan coaparing tha winda with the electron concentration at 72 ka. 
in two-thirda of tha caaea a atrongar aouthward wind reaulta in a higher 
electron concentration. At 76.5 ka there ia littla relation evident between 
the electron concentration and the winda. At 81 ka the aagnitude of the 
electron concentration ia not directly related to the aagnitude of the wind, 
but an increaae in. aouthward wind froa one day to the next will uaually 
reault in a higher electron concentration on the aecond day. The beat cor- 
relation ia evident when coap;..'ing the winda with the A I A ratio at 81 ka. 
The A I A ratio at 81 ka ia inveraely related to the electron concentration, 

X 0 

ao that a high northward wind aiiuuld reault in a high A (A ratio. A high 

X o 

degree of correlation can be aeen in the figure, with increaaea in northward 
wind alaoat alwaya correlated with increaaea in the A^IA^ ratio. 

To inveatigate the relationahip between the electron concentration the 
horiaontal wind in two diaenaiona, the vector winda and AIA ratio are 
ahown in Figure 6.2. The N/8 wind conponent ia ahown along the vertical 
axia (up ia northward) and the B/W wind component ia ahown along the hori- 
xontal axia (to the right ia eaatward). The vector winda ahow that the E/W 
component ia eaatward for all but one of the fifteen daya, aa would be 
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DEC 78 JAN 79 


Figure 6.1 Daily plot of noon electron density at 72, 76.5, 
and 81 km, A^/Aq at 81 km, and 70.5 to 81 km 
meridional winds for December 27, 1978 through 
January 10, 1979. 
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•Kpcctad for wintor-tiaa circulation. Thorn dona not appoar to ba any 
ralationahip botvaan tha tonal vinda and tha AJA ratio. 

Figura 6.3 tVaa acattar plota of tha olactron concontration at tha 
altitudaa of 72, 76.5, and 81 km varaua tha M/8 wind coaponont. Tha corra- 
lation coafficiant and aignificanca loval ara ahovn for aach altituda on tha 
figura. Tha corralation batwaan tha winda (northward poaltiva) and alactron 
concantrationa would ba nagativa to aupport tha tranaport thaory. Tha only 
altituda that ahowa a raaaonabla corralation ia 72 lot, with a corralation 
that ia aignificant at tha 20X laval. Tha lack of corralation could ba dua 
to tha fact that tha alactron concentration at a aingla altituda ia datar- 
uinod by oMny factora (wava activity, vortical tranaport), and that thi« 
analyaia ahould bo dona ovar a largo interval of altitude (aa In uaing the 

A I A ratio for coapariaon), or that tha acattar in the electron concentre- 

X o 

tion data ia added due to arrora in calculating the concantrationa from the 

A I A profile. 

X n 

Figure 6.4 ahowa acattar plota of tha alactron concentration at 72, 
76.5, and 81 km varaua tha E/U wind. Again, tha only aignificant correla- 
tion ia ahown at 72 km with a laval of aignificanca of ISX. Tha alactron 
concantrationa are ahown to be correlated with a dacraaae in tha nomal 
a«'<tward conal wind. FRASER at al. (1981) noted a aiaiilar corraapondenca, 
with enhanced northward wind and dacraaaed aaatward wind (in tha aoutharti 
haaiaphara) . 

Scatter plota of tha A^/A^ ratio at 81 km and tha D-ragion M/S and E/U 
wind conponanta ara ahown in Figura 6.5. Tha correlation between tha A /A 

X O 

ratio at 81 km and tha M/S winda ia aignificant at tha 7Z level. Thia re- 
ault 8’.?^porta tha thaory that horiaontal tranaport ia a aajor cauaa of the 

winter anoaaly. Tha corralation between tha A /A ratio at 81 Iw and the 

X O 
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Figure 6.3 


Scatter plots of the electron concentration at 72» 76.5, and 81 km versus the 
north/south wind. 




ELECTRON CONCENTRATION 





N/S WIND COMPONENT (tn/s) 


Figure 6.5 Scatter plots of the Ax/Aq ratio 


CORRELATION COEFFICIENT >0.1605 
SIGNIFICANCE LEVEL 50% 



81 km and the N/S and E/W wind components 
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E/W component of wind is not significant. 

To identify a possible time daisy between a cbenge in meridional wind 
and a corresponding change in electron concentration, the data 

series was shifted in time in the range of -2 days to -t-4 days, in one-day 
increments, and correlations were calculated. Figure 6.6 shows scatter 
plots of the ratio at 81 km and the N/S wind component, with the 

data shifted by the immber of days indicated on each plot. For example, in 
the plot labeled (-2 days), the AJfA^ data series starting on n«cember 

26 is correlated with the N/8 wind data seri'":: starting on December 28. The 
correlation coefficient and significance level are printed on the plot for 
each shift. The only correlation that is nesrly significant is shown for 
A JA days), with a negative correlation coefficient. This result indi- 

cates that there is little time delsy between a change in the meridional 
wind and a change in the electron concentration, suggesting a latitudinal 
gradient in nitric oxide such that the concentration north of Urbana is 
greater than that at Urbana. Thus, a shift in the wind at Urbana results in 
a shift in the electron concentration with a delay that is less than one 
day. 

Following the diurnal data collection period, the daily collection time 
was reduced to about one hour per day, with IS electron concentration pro- 
files, and one wind profile being collected. Figure 6.7 shows the daily 
value of the meridional wind component and the electron concentration at 72, 
76.5, and 81 km, and the A lA ratio at 81. for the period of January 10 
through January 31, 1979. A 5-day running mean of the wind values was com- 
puted and plotted on Figure 6.7 also, to help remove the effects of irregu- 
lar wind measurements due to wave motions, etc. No obvious correlation can 

be seen between the winds and the electron concentrations or the A lA 
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Figure 6.7 Dally meridional wind values and the electron concentration 

at 72, 76.5, and 81 km, and the A^/Aq ratio at 81 km, for the 
period of January 10 through January 31, 1979, 
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ratio. This indicstss that a singla wind profila ia not in ganaral a good 
indicator of the 24-hour prevailing wind. HANSON et al. (1978) coapared 
noon winds consisting of the nedian of up to 12 soundings with daily naan 
winds, and found that below 100 ka the 24-hour wind was well predicted by 
the noon winds, Figure 6.8 shows data obtained aiailarly in the aonth of 
February, 1979, at Urbans. Again, there ia little correlation between the 

3-day mean of single noon winds and the A lA ratio, 

X o 

Another aeries of diurnal data collection runs was made for seven days 
fron February 23 through March 1, 1979. The winds plotted on Figure 6.8 
(heavy line section) for that period represent an 8-hour average taken dur- 
ing the daylight hours. When comparing the N/S winds with the A I A ratio 

X o 

at 81 km there is no systematic correlation. To demonstrate this, the 
scatter diagrmn of Figure 6.9 was plotted. There is no correlation evident 
between the N/S winds and the A. lA ratio at 81 km, this is not necessarily 

X O 

in contradiction with the theory that the winter anomaly ia a result of the 
transport of nitric oxide from the auroral zone for two reasons. First, the 
observed wind variability may be only a local variation. In order for 
transport of an atmospheric constituent to take place over the 2000 km path 
from the auroral zone to Urbans, the winds would have to be consistently 
southward over the long distance. This effect may occur only during the 
passage of a large-scale disturbance such as a planetary wave, which can 
propagate upwards to the mesosphere only during winter. Second, the life- 
time of nitric oxide is longer during the winter months, which allows it to 
be transported over the long distance only during the winter. The main loss 
mechanism of nitric oxide in the upper D region and lower E region is the 
photodissociation process, so the lifetime of nitric oxide is significantly 
longer during the winter months because of the lower solar zenith angle and 
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Figure 6.8 N/S winds and electron concentration at 72, 76.5, and 81 km, 
and the A^IAq ratio at 81 km for February 1979. 
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6.9 Scatter plot of meridional wind and A^^IAq ratio at 81 km for 
the period of February 23 through March 1, 1979. 
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•hotter days (■•• Chapter 1). Plenetery veve propegetioo will be diecueeed 
in Chapter 8, and coapariaona of winda obaerved at two distant atationa will 
be shown in Chapter 9. 

6.3 Obaez*vatione Ftvm tha Winter of 1979/1980 

During the winter of 1979/1980, data collection took place for one 

hour, with one winda profile, during aoat of the winter season, except for 

the period of February 26 through March 11, 1980, where diurnal data were 

obtained. Figure 6.10 shows the N/S winds and the A/A ratio at 81 km for 

the diurnal data collection period. Again, these data were taken during a 

non-winter period, and no correlation can be seen between the winds and the 

AjA^ ratio. 

X o 

6.4 Obeervatione From the Winter of 1980/1981 

During this winter data were taken for two houra daily, with the wind 
value for each day being the average of three wind nenaursBenta apaced 
through the two-hour collection period (the winds are averaged over the 
sampling window of 75 to 90 km). This should provide a wind estimate that 
more closely approximates the 24-hour prevailing wind, and a value for the 
A lA ratio at 81 km that is less affected by variationa due to wave motions 
such as gravity waves. 

Figure 6.11 is a plot of the daily N/S and B/W wind components and the 
AJA ratio at 81 km for December 1980. There is no apparent correlation 

X o 

between the N/S winds and the A^lA„ ratio at 81 km, during any part of the 
month, even if one of the plota ia shifted in time by a day or two. There 
ia a strong negative co**relation evident between the eastward wind component 
and the A lA ratio at 81 km during the period of December 6 through 

X 0 

December 21. The daily valuea of N/S and E/H wind components and the /A 

X o 

ratio at 81 km for January 1981 are shown in Figure 6.12. Again, there is 
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Figure 6. 10 


N/S winds and the ratio at 81 km for the period 

of February 26 through^^March 11, 1980. 
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Figure 6.11 Daily N/S and E/W wind components and kxl^o *’®tio 
at 81 km for December 1980. 
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Figure 6.12 Dally N/S and E/W wind components and ratio 

at 81 km for January 1981. 
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no apporont corrtlation b«tvt«i tho N/8 wind coaponont and tho ratio, 

ovan vhan ah if ^ log ona of tha plota in tiaa by a day or tvo. Thara ia no 
longar any obvioua corralation batvaan tha E/W wind coaponant and tha 
ratio at 81 ka. To aora cloaaly invaatigata tha obaarvad corralationa, 
acattar diagraaa of tha vind coaponanta varaua tha Ag,!A^ ratio at 81 ka 
vara plottad, and corralationa vara calculatad. Pigura 6*13 ia a acattar 
diagraa of tha daily N/8 vind coaponant and tha A^lA^ ratio at 81 ka for tha 
Bontha of Dacaabar 1980 and January 1981. Aa axpactad thara is no signifi- 
cant correlation ahovn in tha figure. 

The scatter diagrais of tha E/W vind coaponant and tha A^lA^ ratio at 
81 ka for tha aontha of Dacanbar 1980 and January 1981 are ahovn in Figure 
6.14. Tha correlation ahovn batvaan tha E/V vind coaponant and tha A fA 

T O 

ratio at 81 ka for Dacaabar 1980 ia ahovn in tha acattar diagr«, vith the 
significance of tha corralation at tha 2X level. REES at al. (1979) found 
a significant correlation batvaan high ionospheric absorption and the east- 
vard zonal vinds at about 90 !;b, during the vestern European Winter Anoaaly 
Campaign of the vinter 1973/1976, at mid- latitudes in the northern hemi- 
sphere. 

The lack of correlation batvaan the N/S vind component and the A^IA^ 
ratio at 81 km ia probably due to tha fact that the 24-hour prevailing mer- 
idional vind component is not accurately predicted by tha three vind pro- 
files taken naar noon. The results of correlations using the average of 
three vind profiles are not much improved over the results obtained vhan 
using one vind profile par day, vhen looking at the N/S component. Tha 
E/W vind component, being much larger in amplitude seams to be leaa sus- 
ceptible to the "noise" caused by vaves and irregular vinds. 
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6,5 Surmary 

In thif chnptcr the vindt end clnctron conccntrntioni ncMurnd nt • 
•ingle station have been compared. The data that are of good quality indi- 
cate that there la a significant link between the winds and electron concen- 
tration in the merosphere during the winter. In order to eatabliah if the 
^*^****Port is occuring from isolated patches of nitric oxide created in the 
auroral aone and tranaported aouthward, or if there is a constant gradient 
of nitric oxide with latitude, obaervations from more than one station are 
needed. Compariaons of winds from two observing stations with electron 
concentrations at Urbane will be shown in Chapter 9. 
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7. COMPARISONS OF ELECTRON COHCENTRATIOirS 
AND METEOR-RADAR WINDS AT URBANA 

7.1 Intvoduation 

The Urbane meteor radar ayaten ia capable of maaauring the meridional 
wind component in the meaoaphere. The meteor-radar ayatem haa the advantage 
over the partial reflection drifta ayatem of being able to make wind meaa- 
urementa 24 houra per day, and not juat during the daylight houra. Thia 
providea a meaaurement of the 24-hour prevailing wind. 

A previoua atudy of the relationahip waa made at Urhana from a limited 
data aet of four non-conaecutive daya by GELLER et al. (1976), from the win- 
ter of 1974/1975. Meteor- radar data were collected from about noon on one 
day until about noon the next day. Partial-reflection data were collected 
before and after the meteor-radar data collection period for about an hour. 
Their reaulta ahowed conaiatently that high ratioa ( cor rea ponding to 

low electron concentrationa ) occurred with northward meridional winda , and 
that low A^IAq ratioa occurred with aouthward velocitiea. 

HESS and GELLER (1978) did aome further analyaia on the four daya of 
data from the winter of 1974/1973 and on thirteen additional daya of data 
obtained during 1973 and 1976. Of the thirteen additional daya of data, 
four of the daya were in winter montha. Correlationa were calculated be- 
tween the winda, A^{A^ ratioa, and electron concentrationa, all at varioua 
altitudea. They found a atrong correlation between the N/S winda at any 
altitude in the range of 84.5 to 92.5 km and the electron concentration at 
76.3 km (aignificant at about the 3X level). The correlation that they 
found between the A^lA^ ratio at 81 km and the N/S winda at 92.3 km waa 
aignificant at the 20Z level. They found no aignificant correlatior between 
N/S winda and electron concentrationa for non-winter data. 
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During the pcet two vintere a coneidereble «iouot of additioiul date 
have been obtained o' daya when both axperinanta have been operating. Much 
of these data have bet'n collected in groups of several consecutive days, so 
that tine delays, trends, and the tine scales of observed variability in the 
two sets of data nay be compared. 

7.2 Meteor Hadar Teohniquo 

The neteor-radar experiment measures the velocity of the neutral air by 
measuring the Doppler shift of radio-frequency signals scattered off of the 
ionised trails left by meteors in the upper atmosphere. As a meteor enters 
the atmosphere, the friction causes intense heat and ionisation of a trail 
behind it. The vaporisation of meteors begins at about 120 km and continues 
for the small grain-sieed meteors usually observed until about 80 km. Thus, 
the meteor-radar technique can be used to measure wind velocities in the 
altitude range of 80 to 120 km. Radial wind velocities are determined from 
the Doppler shift of the reflected signal. 

The meteor-radar system at Urbans is a pulse phase-coherent single 
station system. A pulse system allows the range to be easily determined. 

The transmitter, which is of unusually high power for this type of system 
(ensuring a large number of usable echoes per hour) has a peak power output 
capability of five megawatts, operating on a frequency of 40.92 MHs. The 
transmitting and receiving antennas are directed northward, so that the N/S 
wind component is being accurately measured in the radial velocity deter- 
mined from the Doppler shift of the return signal. The angle of arrival is 
determined by an interferometer arrangement of three Yagi antennas. The 
relative phases of the return signals obtained by the three antennas are 
used to determine the aximuth and elevation of the return. The PDF 15/40 
computer is used for real-titsa processing of winds data. Because the timing 
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of Mttort, and th« altitude vhera ioniaed trails occur is not under control 
of the expariMnter, various algorithns must be used to interpolate the 
available vind velocity SMasurements in tisie and altitude (HESS and GELLER, 
1976; SELLER et al., 1977). A high echo rate is essential in reducing the 
amount of interpolation necessary. The technique does provide a very good 
estimate uf the 24-hour N/S vind component for comparison with electron con- 
centrstions measured by the partial-reflection system. 

7 .3 Reaulta 

The winds data used in this chapter are formed by an average of the 
vind measurements for 24 hours, measured from noon to noon. Figure 7.1 is a 
plot of the A^IAq ratio at 81 km and the meteor radar winds at 86 km for 
January, February, and March of 1980. The ratio is inversely propor- 
tional to the electron concentration below 81 km, so the theory that trans- 
port of nitric oxide is a major cause of the winter anomaly would predict a 
dip in the /lx Mo ratio occurring for southward wind velocities. There is a 
strong correlation evident betvee- the A^fA^ ratio and winds in the month of 
January, with the features in thn A lA ratio curve following those of the 

wC O 

winds curve, with a delay of one day in the first half of the month. In the 
month of February there again appears to be a delay of one day between wind 
shifts and a change in the /l^//]^ ratio. March also shows similar features 
in the two sets of data with a one-day delay in the first half of the month, 
but in the later half of the month there is no longer any correlation shown. 
Figure 7.2 shows thtA^lA^ ratio at 82 km, and the 86 km laeteor radar winds 
for December 1980, January 1981, and February 1981. A good correlation can 
be seen in the two sets of data during December, January, and the first half 
of February, with a delay of one day between winds and they^x/zlo ratio. 

There is no correlation seen in the later part of the month of February. 
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Figure 7.1 AxIAq ratio at 81 km, and 86 km meteor radar N/S 
winds for January, February, and March of 1980, 
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To quantify tha corralationa avidant in thaae two figuraa, corralationa 
wara calculatad batwaan tha N/S winda and tha Ag^lA^ ratio at 81 km. Bacauae 
the relationahip aaan variaa by aaaaon and yaar, correlationa ware calcu- 
lated for all of tha data, and varioua groupa of data by aaaaon and yaar. 
Winda from threa different altitudea were calculated, and correlationa were 
calculated with tha Ag^fAp data delayed by a day or two daya. The aaaumption 
in the analyaia ia that the prevailing 24-hour wind ia repreaentative of tha 
N/S wind over a aignificant part of the path from the auroral aone, ao that 
a conatituent being tranaported along that path may travel at that velocity 
for a day or more. Therefore, an enhancement at Urbana may not reault imme- 
diately after a ahift in the meridional winda towarda the aouth. 

Table 7.1 ia the correlation c-oefficient matrix of meteor radar N/S 
winda and the AxIAq ratio at 81 km. The winda uaed in the calculationa are 
from 82, 86, and 90 km. The winda at 82 km are not aa reliable aa thoae at 
the other two altitudea becauae of the lower number of mefeor- trail returna 
that occur at that altitude. The number of daya of data uaed in each corre- 
lation are ahown. The aignificance levela (t-teat) are ahown in parentheaea 
after each value of correlation coefficient. 

The correlation for all daya of data (the datea of collection uaed in 
thia analyaia are all of thoae on Figurea 7.2 and 7.3) ia not aignificant at 
either altitude, even with the time delay in the i4^/4^ data. The data taken 
during winter only (winter ia defined here aa December through mid-February) 
chow a atrong correlation (2X aignificance level at 86 km) with a delay of 
one day. The lack of correlation ahown for all data muat be due to the lack 
of correlation of non-winter data. The correlation with higher altitude 
winda ia not aa good aa that with the lower altitude winda, and ia not aig- 
nificant. Becauae the correlation evident in Figurea 7.1 and 7.2 ia greater 


119 


TABLE 7.1 Corrtlation cotfficitnt Mtrix of Mtoor r«d«r H/8 windi (north- 
v«rd poiitlv#) and the AjA^ ratio at 81 ka. Tha algnificant 
lavala art ahovn in paranthaaaa, and tha langth of ahift rafara 
to tha number of daya that tha AjA^ data are delayed. 


ALL DAY8 

NUMBER OF DAYS 

86 km Winds 

90 km winds 

No ahift 

39 

-.21 (20K) 

.05 ( 80Z) 

l*Klay shift 

28 

.12 (300 

.01 (95Z) 

2-day shift 

20 

-.34 (20K) 

-.06 ( 80Z) 

ALL WINTER DAYS 

No shift 

22 

.04 (8SZ) 

.19 (40Z) 

l-day shift 

16 

.59 (2Z) 

.2 (300 

2-day shift 

11 

-.16 (700 

.05 ( 90Z) 

WINTER 1979/1980 

No shift 

9 

.11 (80X) 

.62 (5Z) 

1-day shift 

6 

.54 (200 

.55 (200 

2-day shift 

5 

-.05 (950 

.46 ( 400 

WINTER 1980/1981 

No sbMc 

13 

.12 (90Z) 

.14 (600 

1-day shift 

10 

.74 (2Z) 

.25 (500 

2-day shift 

6 

-.28 (600 

.57 ( 200 

WINTER 1980/1981 
82 km Winds 

No shift 
1-day shift 

13 

iO 

.52 (50 
.14 (700 
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for th« winter of 1980/1981, the data ware grouped by year and correlationa 
calculated. Aa expected, the correlation during the winter of 1980/1981 ia 
greater (significant at the 2X level) than the correlation dui’ing the winter 
of 1979/1980. The winda at ^0 km are not, in general correlated with the 
A^IAq ratio at 81 km. This result io expected because any ionirable con- 
stituent would have to be well below 90 km to be transported vertically 
downwards during the one-day time delay observed. To investigate the corre- 
lation between the winds measured at nearly the same altitude as the 
ratio, the 82 km winds were correlated with the ratio for the winter 

of 1980/1981. The correlation is significant at the 3Z level for winds and 
,1^7 /ip ratios measured on the same day. This result suggests a vertical 
transport time on the order of one day from 86 km down to 82 km. that is 
present throughout the winter. 

In conclusion, a strong significant correlation is shown between the 
N/S wind component at 86 and 82 km, and the AxIAq ratio at 81 km, during the 
winter months. This result supports the theory that the horizontal trans- 
port of constituents is a major cause of the winter anomaly. The results of 
this comparison are in agreement with those of the partial reflection drifts 
winds and electron concentrations comparison of Chapter 6. The correlations 
shown using meteor-radar winds are better due to the quality of the 24-hour 
wind available from that experin>ent. Since the zonal component is not 
available from the meteor-radar experiment, care must be taken to establish 
that the transport is indeea from the auroral zone, and more than one sta- 
tion is required. The winds measured at two stations will be compared with 
electron concentrations in Chapter 9. 


121 


8. IMVTSTJtGATIOM OF PLANETABY WAVE ACTIVITY 
8.1 Review of Planetary Wave Theory 

WhtD htaitphtrie aaps of atBosphoric fiold variablts are apatially 
Pouriar dacoapoaad, tha firat fav lonal vava covponanta are called planetary 
vavea. Wave nuaber aero rapreaanta a ayaMtric axial flow about the pole. 
The first few planetary vavaa account for nearly all of the deviation fro« 
Bonal aean values of geopotential height and taiparatura. VAN LOON at al. 
(1973) have found that plunetary wave numbers 1 and 2 account for 99.9 
percent of the variance from the mean values at tha 10 mb level at 65*N, in 
January. (This is the latitude of maximum planetary vava intensity at this 
stratospheric altitude). 

These planetary vaves are strongest in the middle atmosphere in vinter. 
This is because in general, the planetary vaves are forced from the tropo** 
sphere and propagate upvards if height and temperature structure vill permit 
it. Observations of planetary vaves above 30 km are limited, but evidence 
from Meteorological Rocket Netvork, radiometer, and ground-based ionospheric 
observations indicates that these vaves do extend upvard to the mesosphere 
and even higher during vinter (BROWN and WILLIAMS, 1971; CAVALIERl et ol., 
1974). 

Planetary vaves are classified as stationary or traveling by their 
period. Waves of period less than 30 days are classified as traveling, and 
those of period greater than 30 days are classified as stationary. Travel- 
ing planetary vaves are seen as steady progressive patterns on daily maps. 
Stationary planetary vaves are believed to be caused by tonally asymmetric 
heating (of land versus ocean) and by the flov of tonal vinds over topo- 
graphy. Although no clear source of traveling planetary vaves has been 
identified, they are believed to be caused by fluctuations in the forcing. 
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MADDEN and JULIAN (1972. 1973) acudiad travaling astratropical plana- 
tary vavab with parioda oaar fiva daya. Whila Boat of tha obaarvaCiona of 
thia wave hava baan in the tropoaphara, B0DCER8 (1976) haa obaerved the 
five-day wave in tha upper atratoaphera fro* aatallita data. FRASER (1977) 
obaerved the five-day wave in the aeacaphera fron ionoapheric abaorption 
data. Traveling planetary wavea were obaerved in the E-region by CAVALIERl 
(iV 76 ) in data from a network of ionoaonde atationa in the northern heni- 
aphere at nid-latitudea. He obaerved the preaence of planetary-acale fluc- 
tuationa in the period range of 10-15 daya. 

CHARNEY and DRAZIN (1961) were the firat to theoretically inveatigate 
the poaaibility of the propagation of atationary planetary wavea from the 
tropoaphere to the atratoaphere. Uaing a S-plane geonetry, they found that 
planetary wavea could only propagate upwarda when the mean wind waa eaatward 
and of moderate magnitude. They predicted that vertical propagation would 
occur during the equinoxes only, when the winds in the stratosphere are 
eastward and weak. DICKINSON (1968), using spherical geometry showed that 
this cutoff velocity was higher than that predicted by CHARNEY and DRAZIN. 

He also showed that the cutoff velocity would be increased for planetary 
waves propagating near the equator, and decreased for those propaging near 
the pole. Hia work demonstrated that planetary waves could propagate to 
high altitud-s during winter. 

Roasby wavea are a special case of planetary waves. Rosaby waves are 
the two-dimensional idealization of planetary waves on a plane tangent to 
the earth. The waves owe their existence to the variation of the Coriolis 
force with latitude, and thia variation must be included on the plane. The 
Coriolis parametwr / ■ 2fl sine, where (1 is the angular velocity of the earth 
and 6 is tl latitude, is regarded as a linear function on the plane. The 
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value of f anyvbara on tha plana can bt writ tan aa / ■ /'o ♦ ^ 

Tha plana whara tha Coriolia paraaatar followa thia variation ia cal lad tha 
bata plana. Tha x ania will ba tha diraction of tha vava'a propagation 
diractad aaatvard, and tha y axia ia directed northward. Tha x and y coapo- 
nanta of the Bonantua aquation and tha continuity equation can ba written aa 


(HOLTON. 1972) 

f.± 
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au , av n 
ax ^ ay 

where 

u ■ Eaatward velocity 
V • Northward velocity 
■t Geopotential 

Forming the vcrticity equation from equationa (8.1) and (8.2). and noting 
that from equation (8.3) the divergence term ia aero, we obtain 

(8.4) 

where C ia the vorticity. Thia equation atatea that the abaolute vorticity 
ia conaerved following horiaontal movaaent. If we aaauae that the aotion 
conaiata of a baaic atate zonal velocity with a aaall perturbation u" 

U m U' 

V m V' 




A perturbation atreaa function 4* can be defined aa 


u> 





with (," ■ The perturbation fonn of equation (8.4) ia |iven by 

(±^u±) ( 8 . 5 ) 

Ve now aaauM that 3 it a conafant on the plane, neglect teraa involving 
products of perturbation quantities, and assume a solution of tho form 

y ■ - at)]} cos k y (8.6) 

y 


is the Bonal wave number, C is tha tonal phasa speed, and ky is the lati- 
tudinal wave number. The wave number ia given by 2ti/ (wavelength) . Substi- 
tuting equation (8.6) into equation (8.5) gives 

+ ikli) i-kj^ - ky^) + ik^& - 0 ( 8 . 7 ) 

In order that the solution satisfy aquation (8.6), the phase speed must be 


-- g 

(k ^ + k 
X y ' 


( 8 . 8 ) 


where 6 - iJl ■ 2fi_cos0^ ^ radius of the earth. Equation (8.8) 

dy a 

shows that the Rossby wave propagates westward relative to the main flow, 
and that the wave speed depends on the tonal and meridional wave numbers. 
For a stationary Rossby wave the wave speed is tero, so we are left 


with 


^ • ~ 2 2 («•«) 
k + k 

X y 

This quantity will always be positive, demonstrating that the tonal wind 
must always be eastward to set up a standing Rossby wave. 

The local period for a Rossby wave with no mean wind is given by 
(HADDEM, 1979) 


T - n(n + l)/2m 


( 8 . 10 ) 
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where m it the bomI weve number (number of weve cyclee iu one eerth circum- 
ference), end n-m ie the number of letitudea between the polea at which the 
atream function of the wave vaniahea. Thia indicatea that with a conatant 
longitudinal acale (m conatant), decreaaing the latitudinal acale (increaa- 
ing n-m) reaulta in a alower weatward propagation. Table 8.1 containa 
eatimatea of perioda of Roaaby wavea of varioua modea (after SALBY and 
ROPER, 1980). Theae wave perioda were calculated aa aolutiona to Laplace* a 
tidal equation with an equivalent depth of about 10 km, and a realiatic 
temperature atructure. 

8.2 Previoua Obaervatione of Roaalnj Wavea in the Meaoaphere 

Obaervationa of Roaaby wavea in the meaoaphere are not as numeroua aa 
thoae taken in the tropoaphere and atratoaphere becauae of the difficulty in 
obtaining data from the meaoaphere. Roaaby wavea have been obaerved in the 
E region by BROWN and WILLIAMS (1971), DELAND and CAVALIERl (1973), and 
CAVALIERI (1976), from ionosonde data. Few obaervationa have been made 
below the E region becauae it ia the loweat altitude where data are readily 
obtainable with modeat equipment. 

Time aeries of wind measurements can be obtained by the meteor radar 
experiment an'* analyzed to identify Rossby wave activity. CLARK (1975) ob- 
aerved a 2-day wave consistently in meteor radar data obtained in summer and 
late fall measurements at Durham, New Hampshire (AS^N, 71°W). The 2-day 
wave was also observed by KINGSLEY et al. at Sheffield, England (53°N, 2*’W) 
in Bummer and winter, in meteor radar winds time series. They found that 
the 2-day wave was strongest in summer and gave way to waves of longer 
period (on the order of ten days) in the winter season. Data from meteor- 
radar experiments in Garchy, France snd Obninsk, USSR were also analyzed by 
KINGSLEY et al., and 2-, 6-, and 10-day waves were present. SALBY and ROPER 
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TABLE 8.1 Rottby pariodi Cor tquivalant depths of 9.9 and 
6.3 ka and aavaral horiaontal aodts (m^n) (after 
8ALBY and lOPER, 1980). 


Period (days) 


n 

h - 9.9 ka 

h m 6, i 

1 

1.2 

1.3 

2 

5.1 

6.1 


m • 1 

3 

8.3 

9.6 


4 

12.5 

14.7 


5 

17.2 

19.2 


2 

1.6 

1.9 


3 

3.7 

4.5 

m ■ 2 

4 

5.9 

7.0 


5 

8.5 

10.0 


6 

11.6 

13.2 


3 

2.1 

2.2 


4 

3.6 

4.2 

m ■ 3 

5 

5.6 

5.8 


6 

7.6 

8.2 


7 

10.0 

10.4 
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(1980) analysed nataor radar vinda data obtained at Atlanta, Georgia (34*M, 
84* W) over a three-'year interval. The power spectra and cross spectra of 
the sonal and noridional velocities between 80 and 100 kai were calculated. 
Local naxisM in the spectra were found at periods of 1.6, 2.2, 5, and 17 
days. 

Analysis of nesospheric fields are also practical with the recent 
advent of satellite data. Satellite experiments such as the pressure modu- 
lated radiometer measure the outgoing infrared radiation of the atmosphere 
from different layers, and this can be used to calculate mean temperatures 
up to the mesosphere. 

OFFBRMAH et al. (1979) analysed radiant fluxes from channel 3000 of the 
pressure modulated radiometer on Nimbus 6, which effectively measures the 
mean temperature on a layer about 20 km thick, centered at about 80 km 
during the Western European winter anomaly emnpaign of the winter of 1975/ 
76. The magnitudfj of the variation is small since the average temperature 
of the region is nearly constant, because the temperature changes in the 
upper and lower boundaries are often of opposite sign. Therefore, the data 
indicates the trend of the temperature in the region. They observed domi- 
nant spectral components with periods of about 7 and 10-13 days in the tan- 
perature data. The observed variations were also found to be significantly 
correlated over a horiaontal distance of 2000 km, indicating the extent of 
the wave structures. 

Time series of winds measured by the partial reflection drifts experi- 
ment at Adelaide, Australis (35*’S, 139 *’e) were analysed by VINCENT and 
STUBBS (1977). Data obtained in a seven day period in June 1973 showed a 
strong variability with a 2-3 day period, in the xonal and meridional wind 
components. (It should be noted that the forcing of planetary waves in the 
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troposphere in the Southern Haiiephere will differ fro* that in the Northern 
HaBisphere becauoe of the different topography, which will result in the 
forcing of waves of different periods.) 

GREGORY and HANSON (1967s) analysed a aeries of noon partial reflection 
electron concentration data obtained at Christchurch, New Zealand (44” 8, 

173” B) Bade during 1963-1967. Variability was found to be much increased 
during the winter Bonths as compared with the summer months. The variabil- 
ity whose periodicity is on the order of days is suggested to be due to the 
effect of planetary wavea which propagate to mesospheric altitudes during 
the winter months. 

Roasby waves were observed in winds data obtained by the partial re- 
flection drifts experiment at Saskatoon by HANSON et al. (1978). They ob- 
served waves with periods of 2-3, 4-5, and greater than 20 days. Later data 
obtained at Saskatoon using a system capable of operating 24 hours per day 
were analysed by season to establish the seasonal variation of Roasby waves 
(HANSON et al., 1981). They observed waves throughout the year with periods 
of 2.2, 4.4, and 6 days. There were few cases of clearly cominant wave 
periods. In the summer data thegre were fewer peaks in the coherences be- 
tween winds measured at different altitudes, and they were of lower signifi- 
cance. This would be explained by the lower wave energy found in the summer 
months The Saskatoon data shows a close agreement with those of SALBY and 
ROPER (1980), with both stations observing the 2.2 and 5 day waves with 
their amplitude increasing during the winter months. 

8.3 Oheeroatione of Roaehy Wave Activity from Electron Concentration 
Variabi lity 

The effects of planetary waves in the mesosphere are shown in the in 
creased variability in the day-to-day values of electron concentrations. 
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•bovD in ChaptctP 5. In order to identify the veve periode present in the 
electron concentretion seriee obteined during the peet eight winters , e 
Fourier snslysis ves perfoniedi Dete ere evsilsble et three eltitudes (72, 
76.5 • end 81 ka) deily for shout ISO days per winter end wave periods dis- 
playing peaks in the power spectra in the daily data at all three altitudes 
were identified. Table 8.2 shows thi periods of waves observed in the power 
spectre. The wave periods observed very from year to year, but several of 
the wave periods appear during most of the years. The dominant wave periods 
seen are 2.7, 3.1, 4, 5.3, and 6 days. These wave periods are similar to 
those found by the other investigators mentioned earlier. The exact wave 
periods are difficult to compare because of the different frequency resolu- 
tion being used in each analysis. 

To investigate the effect of Rossby wave activity, a segment of Urbans 
data obtained during the winter of 1978/1979 will be examined more closely. 
The data were obtained from December 27, 1978 through January 10, 1979, with 
data collected continuously from about 0800 through 1700 local standard 
time. Electron concentration profiles were obtained every 3.4 minutes. To 
form a single time series for the entite 15-day collection period, the ap- 
proximately 160 electron concentration values obtained from 0800 through 
1700 local time each day were placed in the appropriate; place in the long 
time series with seros placed in the long time series during the night when 
data were not obtained. The resulting long time series was analyaod by an 
8192-point Fourier transform to identify dominant periods in the: electron- 
concentration variability. Figure 8.1 shows the spectrum of elects on- con- 
centration fluctuations at 72 km during the 15-day collection period. A 
clearly defined dominant mode, with a jeriod of 2.77 days is seen in the 
spectrum. This wave period is in the range of wave periods found in Rossby 



TABLE 8.2 Pwrlodi of oboervod In th« povor 

gpgctrt of oloctton conctntrntiont 
mtaiurtd at thro* altitudai. 


WINTER 

HAVE PERIODS (DAYS) 

1972/1973 

2.7, 4, 6 

1973/1974 

None aignif leant 

1974/1975 

2.7, 3.1, 3.5, 6 

1975/1976 

2.8, 4, 6, 9 

1976/1977 

2.4, 3.1, 4, 7, 16 

1977/1978 

2.6, 3.1, 3.6, 5.3 

1978/1979 

2.7, 3.1, 3.3, 5.3 

1979/1980 

2.4, 2.7, 3.6, 4, 1 
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Figure 8.1 Spectrum of elc''tron concentration fluctuations at 72 km during 
the winter of 1978/1979. 
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v«v«s. It i* b«li«v«d that th« fluctuations in tha electron concentration 
rcault fron the effect of Rossby vavea. Figure 8.2 is a plot of the elec- 
tron concentration Beasured at 72 k« and the 2.77-day period comporent 
obtained fron the Fourier tranafor«. (The diurnal plots of electron concen- 
tration for each day have been individually aaoothed by Fourier processing 
to renove fluctuations of periods less than four hours.) The visual corre- 
lation between the 2.77-day period cooponent and the daily electron concen- 
tion plot shown in the figure is fairly good from December 27 through 
January 5, with disagreement after that date, a result of longer period 
waves shown in the spectrum. This figure demonstrates that a well defined 
frequency component is seen in the day-to-day electron concentration that is 
present for several cycles. 

Rossby waves should propagate upwards to mesospheric altitudes only 
during winter, and so the fluctuations in electron concentration ahould be 
strongest during winter. In order to study how the amplitude of the 2.8-day 
fluctuation changes during the winter and spring seasons, shorter length 
Fourier transforms were calculated from the daily noon electron concentra- 
tion time series at regular intervals throughout the collection season. A 
sixteen-point Fourier transform was calculated from groups of sixteen 
points, spaced every five days, throughout the winter. By plotting the 
relative power of a particular component in the spectra calculated every 
five days, the change in amplitude for that component during the season can 
be shown. Figure 8.3 shows this running FFT of the 2.8-day period component 
in the electron concentration at 81 km for the winter of 1978/1979. The 
first sixteea-point Fourier transform is centered on about January 1, 1979, 
and the first shift corresponds to the sixteen-point Fourier transform cen- 
tered on January 6, 1979. The figure shows that the relative power in that 
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Fieure 8.2 Electron concentration at 72 km for December 27, 1978 through January 10, 1979 
the 2.77 day period component of the FFT of the electron concentration data. 
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riguM 8.3 Relative power of the 2.8 day period component In the electron 
concentration at 81 km for the winter of 1978/1979. 
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coapoMiit peak* at around January 5, daeaya through Fabruar:* 6, paaka again 
on February .1 , dropa quickly through March 1 , and roBaina at a lov laval 
during tha apring. 

T'lia data collaction achadula during thia aaaaon did not includa tha 
month of Dacambar, ao tha build-up of tha 2.8-day component ia not ahovn. 

Tha data collaction made during tha winter of 1974/19V5 includea tha entire 
month of Dacambar. Figure 8.4 ia the running FFT ahoving tha relative power 
of the 3.1-day period conponent in tha electron concentration data at 76.5 
km for the winter of 1974/1975 (tha 3.1-day conponent ia doailtunt during tha 
winter of 1^4/1975). Tha firat aixteen-point FFT ia centered on about 
Dacambar 1. with each ahift giving tha FFT centered 5 daya later. Thia 
figure ahowa the build-up of variability occur lag during moat of the month 
of January, peaking on about January 21, and dropping within two weeka to a 
low value where it remaina until apring. Thia peaking of the 3.1-day com- 
ponent in winter ia conaiatent with the theoretical work of DICKINSON (1968) 
who ahowed that planetary wevea could propagate to high altitudea during 
winter. The increaae in variability in the montha of January and the firat 
half of February are conaiatently obaerved in the electron concentrationa 
maaaured at Urbana during every winter aeaaon. The horixontal acale of 
Roaaby wavea will be ahown in Chapter 9, with correlationa between two 
diatant obaurving atationa. 

8.4 Inveetigation of Stratoepheria-Meeoapheino Coupling using Satellite 

Data 

8.4.1 Introduction, Planetary acale wavrs of perioda aimilar to thoae 
obaerved in the meaoaphere are preaent in air preaaure data taken at ground 
level. The aimilarity in wave period and horicontal acale of the wave 
fluctuationa obaerved at both altitudea auggeata that a coupling nay exiat 
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Figure 8.4 Relative power of the 3*1 day period component in the electron concentration at 
76,5 km for the winter of 1974/1975. 
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batvam th« lover •tvoophore and Che ionoephere. BROmi and WILLIAMS (1971) 
exMiined the day-to-day variability of iaoplatha of electron denaity in Che 
B region and 10 ab (about 30 ka) gaopotantial . and found a good correlation 
batvaen thea in winter aontha. They found that the variationa in the haight 
of the electron danaity iaoplatha followed cloaaly the height variationa of 
the lover altitude gaopotantial height. CAVALIERI at al. (1974) have ahovn 
a correlation batvaen Che haight of E-region electron concentration iao- 
pletha, D-region f-aiin, VLP phaae data, and 10 mb gaopotantial height, 
during winter. An analyaia of E-region niniaiwa virtual haight data obtained 
froB a network of ionoaonde atationa in the Northern Haaiiaphere (at an aver- 
age latitude of 51*) waa conducted by CAVALIERI (1976), uaing data froa the 
winter of 1970/1971. He obaerved travelling planetary wavea with a period 
of 10-15 daya. Whan correlating the E-region data with 30 nb aatellite data 
he found a poaitive correlation for the atationa above about 50*M, and a 
generally negative correlation for atationa aouth of about 50*N. Thia would 
auggeac a latitudinal cut-off of coupling effecta at 50*N. 

ROSE and WIDDEL (1977) compared ahoit wave radio abaorption data with 
ground air preaaure, and found no permanent correlation when comparing the 
data aeta for an entire year. They did find larger amplitudea in the fluc- 
tuationa in both aeta of data during the winter aiontha, auggeating the aame 
wave excitation mechaniam at both level a. 

In the Southern Hamiaphere, FRASER and THORPE (1976) did a croaa- 
apectral analyaia of 30 mb tamperaturea and ionoaonde f-min data from near 
Chriatchurch, New Zealand for the yeara 1964/1967. They found a aignificant 
coherence at a period of about aix daya. In a companion paper, FRASER and 
VRATT (1976) compared plota of meaoapheric electron concencrationa , meao- 
apheric winda, 40 km tamperaturea, and lover atratoapheric tamperaturea. 
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during tha winter of 1972* They found no tvidtneo of ttmtoopboric/ 
Mtoiptiaric coupling, ticopc for • fov dnyi during July, when oltetron 
coneoncrntion onhnnearantt cecurrod ainultanoously with tmpornturo in- 
cranaoa in tho acrntoipharo. MAM SOM (1976) did a auparpoaad epoch analyais 
uaing winter f-nin end 30 nb tflipereturea , fron the yeere of 1969 through 
1974, at Chrietchurch. Ha found a aignificant correlation in noat of tha 
data, with large variationa in tha degree of atratoaphara/ionoaphara coup- 
ling fron year to year. 

In order to invaatigata tha poaaible coupling batwaan tha atratoaphara 
and Che naaoaphere at thia location, varioua paranetera naaaurad by tha 
partial-reflection ayatan were conpared with 0.4 nbar geopotanCiala obtained 
by tha TIROS N aeriaa of aaCellitaa. Uaing tha TIROS operational vertical 
aounding data, the National Meteorological Canter haa produced daily 
analyaaa of gaopotential height at tha 5-, 2-, 1-, and 0.4-nbar lavala 
ainca 1978. Tha data aat uaed in thia analyaia runa from Dacanbar 26, 

1978 through March IS, 1979. 

Tha affecta of poaaible Rcaaby wave propagation upwarda to meaoapheric 
heighta have bean ahown in tha electron-concentration data. If tha obaarved 
variability ia a reault of Roaaby wavaa propagating upwarda fron the tropo- 
aphera, tha degree of coupling ahould be inveatigated. The data available 
for conpariaon with the 0.4 nbar geopotential include electron conceutra- 
tiona and winda at Urbane, and winda at Saakatoon, Saakatchawan (thaaa data 
were provided by A. H. Manaon, aae Chapter 9). 

8.4.2 Feaulte. Tha daily valuaa of 0.4 nbar gaopotential height at 

Urbane, 0.4 mbar gaopotential at Saakatoon, M/8 winda aa Saakttoon, A JA 

X o 

ratio at 81 km at Urbane, 72 km electron concentration at Urbena, and M/S 
winda at Urbane (during tha diurnal collection da tea only) are plotted in 
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Figure 8.5, for 80 dayi, starting on December 26, 1978. When compering the 
geopotentiels with the mesospheric data, there appears to be no consistent 
similarity in the plots, for any of the mesospheric data. The date shown 
here and the B/W winds data from both stations when all plotted on an ex- 
panded scale show no obvious correlation between the stratospheric data and 
the mesospheric data. The only significant correlation can be seen on two 
days in the data set w'"' large jumps in the geopotential result in in- 
creases in the electron concentration at 72 km. On January 19 (day number 
25) the geopotencial jumps significantly (at Saskatoon) and a large jump 
also occurs in th<i 72 km electron concentration at Urbana. On February 8 
(day number A5) the geopotential jumps significantly at both Urbana and 
Saskatoon, and a small increase is seen in the Urbana electron concentration 
at 72 km. 

In general , there is no clear correlation between stratospheric and 
mesospheric data. Obviously there is no simple direct coupling from the 
stratosphere to the mesosphere, and the variability seen in one altitude 
range can be localized only. It may be that only waves of large enough 
extent, such as Rossby waves, propagate upwards to mesospheric heights, and 
then only during winter when the prevailing winds are blowing towards the 
east. 

In order to identify wav».i tnat are propagating from the stratosphere 
to the mesosphere, Fourier and cross-spectral analysis methods will be used. 

The power spectra of the daily A I A ratio at 81 km for the years of 1978/ 

SC o 

1979 and 1979/1980 are shown in Figure 8.6. Peaks in the spectra from both 
years are seen at periods of 2.9 and about 3.8 days. The spectra do not 
show very dominant peaks, indicating a low wave amplitude or waves that 
occur only during a small portion of the data series (the data series length 
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is about 150 days). Figure 8.7 shows a running FFT of the /i lA at 81 kn 

X o 

for the winter of 1978/1979. Bach figure is the power spectrun of 32 points 
of the A I A data tine series fron that winter, starting at tha date sMrked 
on each figure. It can be seen that the variability at a givan period 
indeed does not last for the entire season, k 2.6-day wave is shown for a 
32-day '.ength series starting on December 26, and its power is down con- 
siderably in the 32-day length series starting on January 5. The January 
25 series shows a 3.6-day variability, which remains strong through the 
February 14 series. 

The power spectrum of the 0.4 mbar geopotential over Urbana for the 
winter of 1978/1979 is shown in Figure 8.8. The spectrum shows a peak at a 
period of 4 days, which was also present in the spectrum of A /A data for 
that winter. 

To identify if there is a definite relationship between the variability 
observed in the stratosphere and the mesosphere, coherences were calculated. 
Because the observed wave periods vary during the observation season, the 
coherences must be calculated over only portions of the season. Figure 8.9 
is a plot of the running coherence squared between the 0.4 mbar geopotential 
and the 81 A JA ratio over Urbana. Tliis analysis is done with groups of 
32 days, with the starting date shown on each individual plot. The horiaon- 
tal line on each plot shows the lOX significance level, for a poateviori 
selected data. The significance level was estimated by dividing the lOZ 
probability by the number of data groups shown (six), giving a required 
probability of 1.67Z for an equivalent of an a priori significance level for 
an individual 32-day set of data of 1(KE (see Appendix VI). No values of 
coherence squared shown on the plots are significant at the lOZ level. The 
lack of significant coherence may be due to the fact that the A JA data 

X 0 


1 


143 


s 

I 


UJ 

> 


UJ 

a: 



0.1 r 


JAN 15 


FEB 24 


0.0 
0.1 r 




I ) t > I 1 I I > f- H 


JAN 25 


MAR 6 



18 6 3.6 2.6 2 18 6 3.6 2.6 2 


PERIOD (DAYS) 


Figure 8. 7 


Running FFT of the AxM^ ratio at 81 ktn for the winter 
of 1978/1979. The starting date for each is shown on 
the figure. 











Figure 8.8 FFT of the 0.4 mbar geopotential over Urbana for the winter of 1978/1979. 
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Figure 8.9 Running coherence squared between the 0.4 mbar geopotential 

over Urbana and the 81-km AxIAq ratio at Urbana. The starting 
date for each Is shown on the figure. 



146 


reprMcnting th« tlcctron conc«Dtr«tioo over Moy kiloBcttrs My not b« •• 
•ensltivo Cho tloctron conenotmtion «t a single altitude in shoving the 

affects of a Roaaby vsve. 

Figure 8.10 is a plot of the running coherence squared between the 
0.4 mbar geopotential and the 72 ka electron concentration over Urbans. 

The horieontal line on each plot shows the lOX significance level for a 
poateriovi data selectiou. Again, no coherence is seen at the lOZ level for 
any of the data groups. The highest coherence seen is in the 32-day data 
group starting on January 25. The peak at a period of 3 days is significant 
at about the 20Z level. A peak in the coherence at the same period is seen 
in the 32-day group starting on February 4, which is significant at about 
the 25Z level. These two groups together indicate a coherence significant 
at about the 15X level during February. This indicates that there My be a 
weak couping between the stratosphere and the mesosphere during this time, 
but it is difficult to establish because of the weakness of the coupling, or 
its short duration. 

To establish the scale of the observed variability to determine if the 
variability My be due to Rossby waves, the 0.4 mbar geopotential data for 
the Northern Hemisphere were Fourier transformed in two distensions (space 
and time) at 60*N latitude for the 30 day period starting on December 25, 
1978. Figure 8.11 shows the amplitude of westward propagating m •• 1 waves 
of various periods. Peaks in the spectrum are shown at the two periods 
where significant coherences were observed between the 0.4 mbar geopotential 
and the 72 km electron concentration during that winter (at periods of 4.5 
and 2.6 daya). 

This result indicates that there My be a coupling between the strato- 
aphere and the Msosphere that occurs with the propagation of Rossby waves. 
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F,.gure 8.10 Running coherence squared between the 0.4 mbar geopotential 
over Urbana and the 72-km electron concentration at Urbana. 
The starting date for each is shown on the figure. 
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9. C0MPAII80M8 OF MEA8UIBIENT8 MADE AT 8A8KAT00N AND URBAMA 

9.1 Introduotion 

A tignif leant correlation hai been ahovn between the electron con- 
centrations neaeured at Urbana and the winds measured at Urbana by two 
techniquea. This shows a link between the atBOspheric circulation and the 
ilectron concentration in the D region. Because of the correlation seen 
between the E/W component of the winds measured at Urbana and the winds, it 
is important to determine that the wind structure from the auroral sons to 
Urbana is such that transport can occur from the auroral sone. 

LABITZKE et al. (1978) have analysed the circulation over the northern 
hemisphere during the Western European Winter Anomaly Campaign of the winter 
of 1975/1976, using radiosonde, meteor wind, rocket, and satellite data. 
Their preliminary results indicate that measuring the wind direction at a 
single location where the absorption is also measured may not be as impor- 
tant an determining the circulation in the entire region through which the 
gases are transported. 

Mesospheric wind data are available for comparison with the Urbana data 
from the partial reflection drifts experiment at Saskatoon, Saskatchewan. 
Daily values of the winds at 80 and 97 km for the years of 1978 and 1979, 
provided to me by A. H. Manson, will be used for comparison with the winds 
and electron concentrations measured at Urbana. Saskatoon is located at 
52 N, 107 W, and is just south of the southern boundary of the auroral sone. 
Urbana is located at 40 W, 88 N, so that Urbana is about 1200 km east, and 
about 1200 km south of Saskatoon. 

9.2 Charaotevisti.aa of Saehatoon Winds Data 

Winds data have been collected continuously at Saskatoon since 
September 1978. Winds are calculated using a real-time full-correlation 
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analysis (MEEK, 1961), Daily winds ara Masurad at 3 ka intarvala for aoac 
of tha D ragion. Tha winds data uaad in this analysis ara tidally corractad 
valuas for 6 kn wida slabs cantarad at 80 and 97 ka. 

9,3 Compariaon of Data 

Tha winds data froa both stations ara availabla in N/8 and E/W compo'^ 
nants , so tha data will ba shown as vactors. Bacaus tha Urbans winds data 
art considared reliabla for indicating tha 24-hour pravailing wind only 
during the dates whan data ware averaged over an 8-hour period, only those 
data will be shown for comparison. A correlation between the Saskatoon N/S 
winds and the Urbans electron concentrations would be a good indication of 
transport between the auroral cone and Urbans, because Saskatoon is near the 
southern boundary of the auroral aone. A delay in time between wind changes 
at Saskatoon and electron concentration changes at Urbans is likely because 
of the distance between the observing stations. 

The daily values of electron density at 72, 76.3, and 81 km, BniAxIA^ 
at 81 km. Saskatoon vector winds at 80 km, and Urbans vector winds for the 
winter months of 1978/1979 are plotted in Figures 9.1 through 9.3. Tha wind 
vector for each day is dra%m in tha direction of the wind, with northward 
being up and eastward to the right. VmAxIAq data are a more reliable in- 
dicator of the D-region electron content and will be discussed in comparison 
with the winds data. 

When comparing the vectors winds at the two stations in December 1978 
and January 1979, the direction of the wiads is in the same compass quadrant 
for all but four of the fiftea.". days of available data. This indicates that 
the circulation is of large horisontal extent during this period. When com- 
paring the winds from the two stations during late February 1979, the vector 
winds are in the same compass quadrant during only half of the days where 
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Figure 9.1 Daily plot of electron density at 72, 76.5, and 81 km, AxlAf. at 81 km. Saskatoon 

vector winds at 80 km, and Urbana vector winds, for December 1978 and January 1979 
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Figure 9.2 Daily plot of electron density at 72, 76.5, and 81 km, Aj./Ac at 81 km. Saskatoon 
vector winds, and ^’rbana vector winds for February 1979. 
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Figure 9.3 Daily plot of electron density at 72, 76.5, and 81 km, A^IAq at 81 km, and 
Saskatoon vector winds for March 1979. 
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data arc available. The circulation aeaaa to be of a auller horiaontal 
exten*^ during thia non-winter period. Thia would imply that the tranaport 
of gaaea from the auroral tone would occur only during the period near 
January the winter of 1978/1979. The correlationa between winda and 
electron concentrationa meaaured at Urbana ahown earlier were aignificant 
only during January and early February of the winter of 1C 8/1979. 

When comparing the Saakatoon winda with the Urbana electron concentra- 
tiona, the E/W component ahowa no apparent correlation with the /tx//]^, ratio 
during any of the montha. There ia little obvioua correlation between the 
N/S component of the Saakatoon winda and Urbana A^IAq ratio, except during 
the month of January. There ia no fixed relationahip between the Saakatoon 
winda and the AxIAq ratio in January, but the major increaaea in the AxiAo 
ratio (decreaaing electron concentration) occur during timea when the 
Saakatoon winda are northward. The datea of January 6, 7, and 14 through 18 
ahow increaaed A^IAq ratio data with northward winda. 

Figurea 9.4 through 9.8 are plota of the data collected ut Saakatoon 
and Urbana for the montha of November 1979 through March 1980. The length 
of the Urbana data ia much longer during thia winter ao the increaae in cor- 
relation ahould be aeen from November to late December. The variability in 
the A^IAq data ia obvioualy greater during the month of January 1980, than 
it ia during the month of November 1979. The variability in the N/S compo- 
nent of the Saakatoon winda ia alao greeter in January 1980 than it ia in 
Noveasber 1979. 

There ia little relationahip between the N/S Saakatoon wind component 
and the AxIAo ratio at Urbana during November or the firat half of December. 
A relationahip between the winda and the Aj,IAo data ia ahown atarting in 
mid-December. Southward winda from December 15 through December 19 reault 
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Figure 9.4 Daily plot of electron density at 72, 76.5, and 81 km, at 81 km. 
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Figure 9.5 Daily plot of electron density at 72, 76.5, and 81 km, at 81 km. 
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Figure 9.6 Daily plot of electron density at 72, 76.5, and 31 km, at 81 km. 
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Figure 9.8 Daily plot of electron density at 72, 76,5, and 81 km, 
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in • lowering of the AxIAq ratio (increasing electron concentration), and 
northward winds from December 20 through January 2 are accompanied by an 
increased ratio during that period. When the wind becomes more south- 
ward on January 5, tht A^fAg ratio dropa until the winds become more north- 
ward on January 15. During the month of February 1980, the N/S component of 
the Saakatoon winds is towards the north and the A^lAg ratio is conaiatently 
high during moot of the month. From late February 1980 through March 1980 
there is no obvioua correlation between the winds and the data. 

There is, in general, a correlation shown between the N/S component of 
the winds measured at Saakatoon and t\x6 A^lA^ ratio measured at Urbans. To 
more closely investigate this relationship and how it varies during the 
year, correlations were calculated. 

Figure 9.9 shows scatter plots of the N/S wind component (northward 
positive) and the /l^/i4^ ratio at Urbans for 90 days, starting on December 1, 
1979. The number of days that the winds data are shifted relative to the 
Axt^o indicated on each plot. (For example, in the -2 days plot, 

winds data starting on November 29 are compared vith AxlAg data starting on 
December 1.) The value of the correlation coefficient between the data is 
shown on each plot. The maximum correlation shown (which was not very good) 
occurred with no delay betv'een the Saskatoon and Urbana data, with a corre- 
lation coefficient of 0.2864. The scatter plots indicate a weak correlation 
for the data taken from the 90-day period. The correlations shown between 
winds and electron concent 'stions measured at the same location were also 
weak over large portions of the winter, and significant for part of the win- 
ter only. The Saskatoon winds and Urbana electron concentrations are prob- 
ably also correlated during only a part of the winter. 

To investigate the degree of correlation between the winds at Saskatoon 
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Figure 9,9 Scatter plots of the N/S wind component (northwa^'d positive) and the 
Ax/Aq ratio at Urbana for 90 days, starting on December 1, 1979. The 
number of days that the winds data are shifted relative to the Ax/Aq 
dcta is indicated on each plot. 
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•nd the f^xl^o at Urbana, correlationa were calculated for groups of 30 

days, apaced every five days throughout tne winter. The winds data were 
shifted by up to plus and minus five days, in one-day increments, relative 
to the Urbana A^IAq data. The delay indicated in the shift in time for 
msximum correlation will estimtae the transport time from the auroral zone 
to Urbana that would be present. 

Figure 9.10 shows the running shifted correlations between the Saska- 
toon 80 km N/'S winds and Urbana /I ratio data for the winter of 1978/ 
1979. The starting date for each 30-day correlation group is shown on each 
plot. A negative shift indicates that a change in Saskatoon winds occurs 
before a change iit Urbana ^xl^o mtio. The horizoatal line on each plot 
shows the ten-percent level of significance for a poeteHoxn selected data 
sets (see Appendix vi). The correlation peaks, with no shift between the 
sets of data, for the 30-day groups starting on December 31 through January 
20. This correlation is significant at the 40Z level in the 30-day groups 
starting on December 31, Jwiuary 5, and January 20. A strong correlation 
(significant at the 4Z level) is shown for a shift of -4 days in the 30-day 
groups starting on January 25 and January 30. The four-day delay between 
Saskatoon winds and Urbana A^^IAq ratio changes would indicate an average 
southward velocity component of 3.S M/S along the path from the auroral zone 

In the 30-day groups starting on February 9 aud February 14 the corre- 
lation peaks with the changes in A^IAq occurring one day before the shifts 
in the N/S wind. This result could occur because of the 1200 km east-west 
distance between the stations, if the shifts are caused by perturba- 
tions in the flow due to Rossby waves, which propagate westwards. 

Figure 9.11 shows the running shifted correlstions between the 80-km 
M/S winds St Saskatoon and the 81 -km AjJ A^ data for the winter of 1979/1980. 
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Figure 9.10 Running shifted correlations between Saskatoon 80-kin N/S winds and 
Urbana 81-kin AxJAq ratio data for 1978/1979. The starting date for 
each 30-day correlation group is shown on each plot, a negative 
shift indicates that a change in winds occurs before a change in 
AxIAo* 
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Figure 9.11 Running shifted correlations between Saskatoon SO-km N/S winds and 
Urbana Sl-km AxI^q ratio data for 1979/1980. The starting date for 
each 30-day correlation group is shown on each plot. A negative 
shift indicates that a change in winds occurs before a change in AxlA^. 
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The horlKontal line on each plot !■ the lOZ level of tignif icance. The date 
■et for this year is ituch longer, so the changes during the winter can be 
seen. The correlations in the 30**day groups starting in the month of Novem- 
ber have two significant peaks. This could be a result of the propagation 
of a Rossby wave of a 3-day period through the region. The 30-day groups 
starting on November 26 through December 11 have a significant peak at -1 
day shift. This would indicate an average southward horisontal velocity 
component of 14 M/8. The 30-day groups starting on December 16 through 
January S do not show a dominant peak in the correlations. Starting on 
January 15, the correlations show a dominant, often significant peak at no 
shift, and this continues through th^t March data. 

The correlation plots indicate that there is no simple constant rela- 
tionship between the winds measured at Saskatoon and the electron measured 
at Urbane. The data observed at the two stations at times are related with 
no time delay between wind changes and A^/Aq ratio changes. This would sup- 
port the idea that there is a latitudinal gradient of nitric oxide present, 
so chat with a large-scale circulation shift, the wind shift measured at 
Saskatoon would also occur at Urbana with a corresponding shift in the 
concentration of ionisable nitric oxide at Urbana. A correlation with a 
time delay would indicate that transport of a "cloud" of ionisable nitric 
oxide from the auroral cone to Urbana occurred under favorable circulation 
conditions. It appears that both of these conditions occur at different 
tisies during the winter. 

The analysis is further complicated by the fact that the observation 
stations are at different longitudes (with a spacing along the east-west' 
direction about equal to their spacing along the north-south direction). An 
observed delay may be in fact due to a perturbation in the circulation that 
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it propagatinf along tha oaat*-vaaC diraction. In particular, eha propaga- 
tion of a *oaaby vavt tovarda tha vaat may raault in a ahift in tha AxiAo 
ratio at Urbana that occura bafora a ahift in tha vinda at Saakatoon, Tha 
corralation analyaia doaa indicate that there ia no aingla conatant rala- 
tionahip ahovn, and tha coupling aiachaniam batvaan tha two locationa changaa 
during tha winter. 

9.4 Inveetigation of Coupling between the Two Stations due to Hoaahy Wavce 

The obaarvad corralation batvaan the data at the two atationa nay ba a 
reault of parturbationa in the flow due to the propagation of Roaaby wavea 
in the neaoaphere. To inveatigate thia type of coupling, and to determine 
during what part of the winter aeaaon it occura, Fourier and croaa-apectral 
analyaea have been performed on tha data from the two atations. To deter- 
mine the frequency range of variability of the N/S component of the winda at 
Saakatoon, the power apectra i^^t two altitudea were calculated. Figure C.12 
ahowa the power apectra of the N/8 winda at 80 and 97 km for the winter of 
1978/1979. Peaka in the apectra occur at both altitudea in the period range 
of 4.5 to 5 daya, and near 2.5 daya. Figure 9.13 ia the running power apec- 
tra of the 97-km Saakatoon N/S wind component. Each power apectrum plot ia 
calculated from 32 daya of data otarting on the date ahown on each indi- 
vidual plot. A 4.5-day period fluctuation occura during the firat two 32- 
day groupa of the data in the figure. The 2.3-day component in the apectra 
ia lower in power, and occura later in the aeaaon, remaining for about a 
month. 

To eatabliah that the variability in the data obaerved at diacrete fre- 
quenciea at both atationa ia related, coherence aquared apectra were calcu- 
lated. Figure 9.14 ahowa the coherence aquared between the 81 -km 4^//!^ 
ratio at Urbana and the N/S component of the 9'’-km wind at Saakatoon. The 


RELATIVE POWER 


ORIGINAL PAGE IS 
OF POOR QUALItY 



Figure 9,12 P< er spectra of Saskatoon N/S winds at 80 and 97 km 
during the winter of 1978/1979, 
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Figure 9.13 Running power spectra of the Saskatoon N/S 97-km 
wind component for the winter of 1978/1979. The 

starting date for the 32-day group is shown on each 
plot. 
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Figure 9.14 Coherence squared between 81-km AxIAq ratio at Urbana and the N/S component of 

the 97~km wind at Saskatoon. The horizontal line indicates the 202 level of 
significance. 
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horisontal line indicates the 20Z level of significance. The only period 
where there is significance at the 20X level for the data taken for the 
entire winter is at 2.9 days. Variability at this period is shown in the 
power spectrum (see Figure 9.13) only in the 32-day group starting on March 
6. The coherencea at the periods of A. 3 to 3.0 and near 2.3 days are not 
significant at the 20Z level when the data from the entire winter are con- 
sidered. Because the coupling process is changing throughout the winter, 
shorter segments of data r.aken through the winter will be concidered. 

Figute 9.13 is the running coherence squared between the 81-km 
ratio at Urbans and the N/S component of the 97-km wind at Saskatoon. The 
horizontal line on each plot indicates the lOZ level of significance. For a 
posteriom data selection see Appe idix VI. A peak in the coherence squared 
at 2.6 days occurs in the data, atarting in the 32-day group starting on 
February 4, but it is significant only Ln the February 24 data set. A 
coherence squared between the 0.4 mbar geopotential and 72-km electron con- 
centration at Urbans that is significant at the 20Z level occurred in the 
32-day group of data starting on January 23 (see Figure 8.10), indicating 
that a Rossby wave of that period may have been present at that time. In 
Figure 9.10, the shifted correlation coefficient data calculated for the 
32-day groups starting on February 9, 14, and 24 indicate that changes in 
electron concentration at Urbana occur before corresponding changes in wind 
at Saskatoon. A possible explanation for this is that the perturbations in 
the flow due to the propagation of Rossby waves would occur at Urbana before 
Saskatoon because the waves are propagating towards the west. The coherence 
data shown in Figure 9.15 indicate vhat a Rossby wave was present, with a 
period of 2.6 days, during this time period (see February 24 data set) which 
could cause the observed correlation. A peak in the coherence squared at 
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Figure 9,15 Running Cv . *rence squared between the 81-km Ax/Ao ratio at Urbana 
and the N/S co&iponent of the 97-km wind at Saskatoon for winter 
1978/1979. The starting date for each 32-day group is shown on 
each plot. The horizontal line on each plot indicates the 10% 
level of significance. 
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the 4.5-d«y period it shown in several of the 32-day groups during the 
winter, but is not significant at tha lOX level in any of the groups. 

The power spectra of the Saskatoon N/S wind component at 80 and 97 km, 
during the winter of 1979/1980 are shown in Figure 9.16. The spectrum at 80 
km shows peaks at periods of 2.24 and 4.4 days, and the spectrum at 97 km 
shows a peak at a period of 6.7 days. The power spectrum of the data 

measured during the winter of 1979/1980 shows a peak at a period of 6.7 days 
also (see Figure 8.6). 

To determine if the fluctuations observed at the two stations during 
the winter of 1979/1980 are related, coherences were calculated. Figure 
9.17 shows the coherence squared between the %\-Vs& AxIAq ratio at Urbana and 
the N/S component of the 97-km wind at Saskatoon during the winter of 1979/ 
1980. The peaks in the coherence squared that are significant at the 20Z 
level occur at periods of 3.3 and 2.2 (significant at the lOZ level) days. 
The 6.7 day period fluctuation does not have a significant coherence. The 
length of the da^a set for this winter is longer than that of the year be- 
fore, and the fluctuations may not occur or remain coherent throughout the 
winter. To investigate these changes, coherences were calculated for 
shorter data segments throughout the winter. 

Figure 9.18 is the running coherence squared between the 81-km AxIAq 
ratio at Urbana and the N/S component of the 97-km wind at Saskatoon. The 
starting date for each 32-day group is shown on the plot. The horizontal 
line on each plot indicates the lOZ level of significance for 
data selection. There are no peaks that are significant at the lOZ level in 
the plots through the group starting on January 15. The possible 3-day 
variability shotm in the correlation coefficient plots (Figure 9.11) for the 
groups starting on November 6, 11, and 16 is apparent in the coherence plots 
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Figure 9.16 Power spectra of the Saskatoon N/S wind component at 80 
and 97 km during the winter of 1979/1980. 
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Figure 9.17 Coherence squared between the 81-km ratio at Urbana and the N/S 

component of the 97-km wind at Saskatoon during the winter of 1979/ 
1980. The horizontal line indicates the 20% level of significance. 
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Figure 9 .IS Running coherence squared between the 81-ktn A^IAq ratio at Urbana and the N/S 
component of the 97-km wind at Saskatoon. The starting date for each 32-day 
group is shown on the plot. The horizontal line on each plot indicates the 
iO% level of significance. 
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in Novenber, with a peak in the coherence at a period of about 3 daya. The 
level of the coherence generally increaeee etarting on December 6, and 
remains at a higher level through the group etarting on March 4. This ie 
coneietent with the theory that the observed variability is due to the prop- 
agation of Rossby waves during the winter, and due to more localized motions 
during the rest of the year. 

Peaks in the coherence squared significant at the 10% level appear pc 
a period of 18 days in the groups starting on January 20 and 23. The 6.7- 
day fluctuation that was shown in the power spectrum of Saskatoon winds 
accompanies a peak in coherence at aoout the 23% level of significance in 
the group starting on January 10 and February 9. A peak in the coherence 
remains in the next four groups of data at that period, but it is not 
significant. 

The results cihown in this section indicate that there is at times a 
significant coupling in the data observed at Saskatoon and Urbana at dis- 
crete frequencies, possibly due to the propagation of Rossby waves. There 
is a significant coherence between the two stations at the same frequency 
where a significant coherence was found bewteen data measured in the strato- 
sphere and mesosphere, during the winter of 1978/1979. The possibility that 
a change inAj-lAp at Urbana occurs before a change in winds at Saskatoon 
because of the westward propagation of a Rossby wave was confirmed by a high 
coherence at a period of 2.6 days during that time. The observed coherences 
increase in level during the month of December when compared with the month 
of November, which is in agreement with the theory that Rossby waves may 
propagate upwards to mesospheric altitudes only during winter. 
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10. SUWIARY or CONaUSIONS AMD SUGGESTIONS FOE PUTUEE WOEK 
10.1 Swrmary 

Tht principal obacrvar.ions and eoncluaioni of this study are presented 
belov. 

(1) Incre'jsed winter-tisw variability in the electron concentrations 
is consistently observed at Urbana (40*N), particularly in the period start- 
ing in late December and lasting through mid-February. 

(2) When comparing the partial-reflection drifts winds and the elec- 

tron concentrations measured at the same location during the period of 
January through mid-February, the ratio at 81 km is significantly 

correlated with the southward upper D-region wind, with no time delay. 

This would support the theory that transport is a major cause of the winter 
anomaly in the mesosphere at midlatitudes. There is also a significant 
correlation seen between the E/W wind component and the 72-km electron 
concentration measured at the same location, with enhancements in the 
electron concentration with decreasing eastward wind. 

No correlation is seen between the winds and electron concentrations 
measured at the same location outside the winter period (no correlations 
after mid-February). 

(3) An extended let of data was used in comparing meteor radar winds 
and partial-reflection electron concentrations at the same location. A 
correlation aignificant at the 2X level, for data taken in the period of 
December through mid-February, is seen between 86-km winds and the 81 -km 
AgJA^ ratio, with a delay of one day between wind changes and electron con- 
centration changes. 

(4) The power spectra of electron concentrations in the mesosphere 
for a nine-year set of data indicate that dominant discrete-frequency 
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fluctuations in tha ranga of Rosaby wava parioda ara obaarvad throughout 
tha naaoaphera during all but ona of tha vintara. Tha anplituda of thaaa 
fluctuationa ia ahovn to peak in lata January or mid-Fabruary . 

(5) Only a weak and quaationable coupling waa obaarvad batwaan tha 0.4 
mbar geopotential and Urbana electron concentrationa. No aignif leant co- 
herence waa found, and the perioda where coheranciaa peak change in a tiaa 
scale of about three weeka. 

The apatial/ temporal Fourier transform of the geopotential at a lati- 
tude of around the globe indicates that westward propagating m • 1 

Roasby waves ware present at that time, at the same parioda where peaks in 
the coherences were observed. 

(6) No correlation was observed between the E/W component of the winds 

at Saskatoon and the Urbana electron concentrationa. There is no direct 
connection between Saskatoon N/S winds and Urbana electron concentrations 
that remains constant throughov«t the winter. Correlations calculated for 
short segments of the winter indicate that the relationship between the data 
observed at the two stations varies considerably during the winter. At 
times, a significant correlation is seen with no time delay between the data 
sets; this would support the idea that there ia a latitudinal gradient of NO 
present. At other times, there is a delay between the shifts in wind and 
the changes in the ratio at Urbans, indicating that a "cloud*' of NO 

was being transported to Urbana. Both of these conditions occur at differ- 
ent times. The analysis is complicated by the large separation in the east- 
west direction between the stations. A significant coherence was observed 
between the Urbana and Saskatoon data at discrete frequencies. A coherence 
of lower significance level also was found between the stratosphere and the 
mesosphere with the period, at that same time, when data from the three 
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MxpcrlMintt (0.4 abar Mttllita • Urbana alactron coocantration, 

and Saakatoon winda) vara availabla. 

10.2 SuggeatioKB for Future Work 

In ordar to obtain a good aatinte of tha 24-hour pravailing winda at 
Urbana, data naad to ba collactad over as much of the day aa posaible, and 
the praaent data collection aoftvarc ia not practical for the collection of 
data over a long period of tiaM. Tha computer ia alao needed by the oth<*r 
experimenta at the A.4ronomy Laboratory Field Station and would not be avail- 
able for the excluaive uae with the drifta experiment for much of the 
winter. A great improvement in the quantity of data that can be collected, 
and the eat”, of performing compariaona with the other experiaiente at Urbana 
(meteor r^de: and coherent acatter) would be increaaed if a aeparate micro- 
computer data-collection ayatem aimilar to that uaed at Saakatoon (hBEK, 
1981) were operating. Many intereating compariaona of data obtained by the 
aeverul experimenta operating at Urbana would be poaaible if the data were 
obtained aimultaneoualy . 
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APPENDIX I 

Sm-Vyll«r Poraula for Rofractiv* Indox 
Tho followint •••uaptioDt «r« Md« in th« dtrivation: 

(1) Tho MdiuB io o olithtly ioniiad goo. 

(2) Tho Boao of noutrol porticloo io such grootor than tho soao of oloc- 
Crono. 

(3) Tho influonca of aloctron-olectron colli oiono io nogliglblo vhon 
coaporod with tho influonca of oloctron-noutrol . 

(4) Tho collioion fraquoncy of oloctrono io proportional to the oquore of 
tho electron velocity. 

(5) The oloctric field *norgy io nogligiblo coaporod with tho thoraol 
energy oo that neutrolo and oloctrono have Moxwell-Boltzaonn velocity 
diotributiono. 

A general iced peraittivity tanoor io foraed in torao of the eleroonto 
Cp pecaittivitieo aooociated with the princi- 

pal axeo defined by the directiono of the wove normal and the earth'o 
netic field. The permittivity elomento are given by: 

f.j - ( 1 - a) - Jb 

ClI " (/ - J) + (^)(e - e) 

hll ’ la - j (<^ + e)] + j (/ -*- d)] 


where : 
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and: 

0 ) ■ operating frequency 

0 ) ’ ■ plasma frequency = 

^ ° eB 

u)^ •* angular gyrofrequency = — 

V - electron-neutral collision frequency associated with the moat 

m 

probable electron energy 
A' • electron concentration (M"^) 
a ■ electrou charge - 1 .6 x lO"^^ C 
m ■ electron mass ■ 9.1 * 19"^^ 1^ 
e - permittivity of free apace - 8.55 x 10 P/M 
B ■ earth's magnetic field (Weber a/M^) 

The semiconductor integreU are approximated to within « error by the poly 
nomUla given by BURKE and KARA (1963) listed in Appendix II. 

The generalised refractive index i* defined as 

is given in terms of the permittivity elements as. 

C- 3 
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A ♦ H Htn^O * ( B" h1i/* 0 - c 
1) + E sln^O 


I * * in ^ 

I C t' ^ k' ) ^ I' 

nil I m II 
^‘i ‘ii 


“ angle between the wave normal and the direction of the earth* a 


magnetic field 
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APPENDIX 11 

SEMlCONDUnOR INTEGRAL APPROXIMATIONS 

The following •emiconductor Integral approximations are from BURKE and KARA (1963) 



4 3 2 

.r -f a^X + <IjJC cJjj 

6., 5., 5.1 2., 

X -f b.x + r,x + />»x + + /),x + /> 

5 4 3 2 1 0 


where : 

(jj - 2 .4653115 X 10‘ 

- 1.1394160 X IflP 
.ij - 1 .1287513 X 10 * 
Uq - 2.3983474 x 10"^ 


/>3 - 2.4656819 x 10* 

- 1.2049512 X ICP 

i), - 2,8958085 x 10? 

2>2 - 1.4921254 x l(f 

/>j - 9.3877372 

- 1.8064128 X 10"^ 



3 2 

X + (' 2 ^ ‘'q 


X^ + 4 - d^X^ + d^X^ 4 - d^X 4 - d^ 


where : 

c»2 - 6.6945939 
c-j - 1.690100 2 X Ky 
Op - 1.1630641 


d, - 6.6314497 

- 3.5355257 x itf 
d^ - 6.8920305 x 10* 
</j - 6.4093464 x 10* 


,/p - 4.3605732 



184 


APPENDIX III 

AS8UHED OOLLISION-FREQUENCY PROFILE 
The •■•used colliiion-frequency profile !• related to the atmoapneric 
preaaure by the fol loving relation (GREGORY and HANSON, 1969): 

\) - h.4 X 10^ /' 

where /' is the atmospheric preaaure in millibars, and v !• given in units of 
n~ ' . The atmospheric pressure for the latitude of Urbana is taken from the 
atmospheric model by KANTOR and COLE (1965) up to 80 km, and from the atmos- 
pheric model by CHAMPION (1967) above 80 km. Seasonal variations in these 
models are taken into account by forming a separate pressure profile for 
winter, summer, and equinox periods. December, January, and February are con- 
sidered winter months, and June, July, and August are considered summer months. 
All other months are considered to be in the equinox period. The pressure 
data are stored in function CN , listed in Appendix V. 



185 


APPENDIX IV 

DESCRIPTION OF DRIFTS VIND PROCESSING SUBROUTINi BRIGGS 

Th« full correlation analyaif computer program employed on the PDP-15 
computer la en adapted veraion of the program written end uaed by The 
Univeraity of Adelaide (Auatralie) reaeerch group under the direction of 
Prof. B. H. Brigga, and waa derived from the theory of BRIGGS et al. (1950) » 
and alao the later work due to F00K8 (1965). 

Input data 

(1) The poaition vector a of the three antennae in t>,e coordinatea, 
where the axial ayatem uaed ie left-handed with the x axia to the north and 
the y axia to the eaat. There ia no restriction on the shape or orientation 
of the antenna array used, e.g., employing N/E, N/W, and S/W as the first, 
second, and third quadrant antennas. The r,6 coordinates will be stored 
respectively in the array locations CR(I), CTHETA (I), I ■ 1,3. These are 
then converted to x,y coordinates (CX(I), CY(I), I “ 1,3), from which the 
difference vectors for the antenvia pairs (N/V, N/E), (S/W, N/E), and (S/W, 
N/W) are computed and stored as x and y components in DX(I) and DY(I), I ■ 
1,3, respectively. This order for the pairs is preserved in the subscript- 
ing of all arrays containing data relating to these difference vectors. 

These are then converted to r *,6 coordinates DR(I) and DTHETA(I), and several 
parameters related to these are stored for later use: DRSQ(I) “ DR(I) , 

SIN2DT(10 - sin(DTHETA(I) x 2, and C0S2DT(I) - cos(DTHETA(I) x 2). 

(2) The three "simultaneous'' input time series are stored in IDATA(I), 
I - 1,3, with the order of antenna quadrants corresponding to that of the 
coordinates in 1. 

(3) The sampling intervals between successive measurements of the 
amplitude fading time series must remain constant, and is stored in DELTAT 
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in units of Mconds (0,4 Mcondi in our ■ystai)t 

(4) Th« nuabor of data pointi in aach tiaa aariaa (512 in our ayitaa) 
it atorad in HD4TA(X), I ■ 1,3. 

(5) Tba control paraiatars N8H1FA and M8HXFC ara, vaspactively , tha 
number of ahifta to ba nada in calculatini tha autO" and cross corraiation 
functions. 

Autocorralation 

Computation of P^j(I), 022 ( 1)1 *^<1 P^^jCX) for X ■ 1, N8HXFA with the 
autocorrelation functions stored in XRHO (1,J), J ■■ 1, 2, 3. 

Mesn Autocorralation 

(1) Calculate the average value for the X^^' shift and store in 0UM2 
and in AMNACF(I). 

(2) Test DUH2 against the value for the (X**l)^^ shift which is stored 
in DUMl . If the function is decreasing, continue calculating the mean, and 
if it is increasing, terminate the calculation. 

If 1 .< 4 at termination, an error is indicated. 


If 

I 

< NSHXFA, 

•et 

■ 

i 

I-l 

If 

X 

- riSHIFA, 

set 

HAXTAU - 

X-2 


Thus, AMNACF (HAXTAU) is the maximum value taken by the mean (AMINRH) in 
general . 

(3) Determine the value of the time shift when the correlation coeffi- 
cient p has the value 1/2. Due to the fact that the data are scaled by 10^, 
this is done by calling subroutine TAUACF at the point of 5 x 10^. The 
output from this subroutine is stored in THHALF. 

Cross Correlation 

Subroutine COFIAT is called for data sets X and J, and the results are 
stored in XRHO (K,2), i.e., call OORLAT (I, J,2 ,NSHXFC) . Then call for J,X 
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•nd ator* in IBHO (K,3), i.«., call OOILAT (J,I,3,H8UirC). Thus IIHO (K,2) 
contains P^j and IRHO (K,3) contains Pj^. Tha array ItSTORd) is squiva- 
Isncsd to IRHO, and tha total correlation function is nov stored in this 
array by reversing IRHO (K,3) into 1R8T0R and storing IRHO (K,2) after this. 
Tha first element of IRSTOR is IRHO (N8HIFC, 3) (the last element of this 
array). The first elements of IRHO (K,3) and IRHO (K,2) are sero shift 
elaments and are identical, so the reversing is terminated at IRHO (2,3). 
Then the uSHIFC elements of IRHO (K,2) are stored, giving a total »iee of 
2 X N8HIFC - 1 to the array IR8T0R. 

A simple successive comparison is used to determine the maximum value 
of this array MAX**IRSTOR(I)„,v with K the corresponding index of IRSTOR. 

The calculation is terminated if R is within three of N8HIFC near the ends 
of the function. The function ir then fitted by a qusrtic in order to esti- 
mate the actual maximum value, and the corresponding number of shifts. 

Having found the position of sero slope, the maximum value of the 
fourth order polynomial is calculated as follows: 

RHOHAX - PX*^ > QX3 ♦ RX^ ♦ 6X + MAX 

(for X ■ 0, the cross correlation function must have the value previously 
decided upon as the approximate maximum, i.e., MAX). The corresponding time 
delay is TD(KVECT) - ((K - N8HIFC) * JOi) * DBLTAT, with K the index in 
IRSTOR, and XX the correction applied to K by the fitting of the maximum 
value. The origin is referred now to sero-shift by subtracting N8HIFC. 
DBLTAT converts the units to time in seconds. 

Calculation of x. a. 

These quantities are estimated by computing the number of shifts in the 
autocorrelation function for which AMNACF(J) ■ RHOMAX. This is achieved by 
CALL TAUACF (RHOMAX, TH(KVECT), NOKAY), returning the value in rmKVECT) 



by polyaoaial fit. Alio calculatad arc TCD 8 Q<KVECT) ■ TD^(KVECT) ♦ 
IM^(KVBCT). where KVBCT ■ 1 »2 ,3 cor ree ponding to the eubscripts of P| 2 > ^ 13 * 
i.nd p . In the theory of F00K8 (1965), r^. . ■ TCDSQ, t - IM, and TD ■ t ' , 

getipation of_the Correlation ElUpae 

The characteriatic ellipae ia aaauaed to paaa through the endpointa of 
the three vectora 



with ita center at the origin. The parametera of the ellipae are calculated 
using a method aimilar to that in Appendix I of Fook'a paper. Here an ex- 
presaion of the form 

CX(1) + CX(2) eoa 26^ ♦ CX(3) ain26^ - ~~ 
is solved for CX(I), T 1,2.3 for the three sets of 6 ^ using the sub- 
routine MATS. The ellipse axis parametera AAXI 8 and BAXIS are obtained 
from the expressions 

AAXIS - (CX(1) ♦ DUM1)"‘^ 

BAXIS - (CX(1) - DUMl)"** 

where 

DUMl - (Cx2(2) - 0X2(3))"** 

By selecting the positive square root for DUMl we assume that AAXIS > 
BAXIS, and thus AAXIS is the semi-major axis of the ellipse. Computer also 
is AXBATI - AAXIS/ BAXIS. 

Estimation of the Drift Velocities 

The three vectors V[. ■ d.jltj. are calculated from the difference 
vectors for the antenna positions with the values of the time shift for 
maximum cross-correlation TD(I), and stored as x, ^ coordinates in 

CX(I), CT(I), and CR(1). The approximate values of the apparent drift speed 
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and direction nro thtn coaputod uting th« Mthod doicribod by FOOK8 (196S) 
(Appondis II) and atorad in VD ■ and PHI ■ 

Corractad valuaa of V and ♦ ata than coaputad fol loving tha aathoda 

a Q 

of Pooka. Uaing an itarativa procadura, tha valuaa of and 41 ^ ara raad- 
juatad by rsoving tha raapactiva arror aatiaataa ^V^ and (propagated 
trror functiona of tha pravioua and 4^ aatinataa). Tha procaaa ia ra* 

poatad until At' and A4> ara imall, or until 100 itarationa hava bean nada. 

a a 

Eatination o f tha True Valocitv. I'; 

Tha trua velocity ia found by drawing a tangent to the charactcriatic 
ellipae parallel to the line juat calculated. If the Una 

perpendicular to thia tangent haa alope m relative to tha aiajor axia, tha 
true velocity ia eatimated by 


V 


AAXIS‘ I I w^/AXRATl^ 
1 + m'^ 


h 


The characteriatic velocity, ia eatinated by 




1 + m 


1 + m^/AXRATI/^ 



AAXIS 


2 



OfMQINAI. mi IS 
OF POOR QUALITY 
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APPENDIX V 

COMPUTER PROGRAMS 


OlHINflON rNAH(2>>0«TK<a)i(.01<9t)fL0a<3t>*LXt(St >tLXa<Xl> 
l>KS<a4«) 

CONNON /A/ ITIN(4>tlUC 

icNo>taoos« 

C KOIN N'T tUMOUTINI TO CNfCK fOO COLLCCTION OTOPAOI 
CALC •TOP<JR>KMAtlAUN) 

C NOLO UA ACTION OA STOP 
KMA>t 

UAlTK4t9> 

9 rOANAT<9N TIN!) 

ACA0(4«10t ITIN 
to rOAHAT(4in 

C START CLOCK 

CALL T1CK<19KC> 

WRlTK(4tt9> 

19 rORHAT<9N OATK) 

RIAO<4.aO) DATS 
30 FORMAT <2A9) 

29 FORMAT! ION NUMOCR OF SAMFLC9) 

30 FORMAT! X9> 

UR1TC!4>39) 

39 FORMAT! SON SIT SMITCN 00 TO 1 TO COLLICT DATA! 

C SCOIN COLLCCTION 

40 CONTINUE 
NC0«1 

MRITC!4#29> 

RIAD!4t30> NtAM 
URITC!4>49) 

41 FORMAT! UN 01 SITTINO) 

RfAD!4>90UOO 

90 FORMAT! 12 > 

100-100444 

C SIT ATTCNUATOR TO OlOIRCO ATTCNUATION 
CALL OUT 

C ZERO FRAME NUMOCR 

10-0 

MRXTC!4»99) 

99 FORMAT! ION FILE NAME) 

RCA0!4«20) FNAN 
CALL ENTER! 3fFNAN> 

C UAIT IF OEOXRED 
CALL FRO 

C URITE NCAOER OLOCR 
CALL CTXNC2 

UR1TE!2> OATEfXTlNfXOO 
C STARTS STOP 


70 

CONTlNUe 

KUA-0 

NCO«NC04>24 
00 TO 151 


150 

CONTINUE 

NCO-1 

KWA»0 


151 

CONTINUE 

JN-0 

NNNN«I5i47140 


C OCT 

TtIO SETS or ONDINANY MNrLCt 
CALL OUT 

CALL XNrADCLOltSlf ICON) 


75 

ir< JK.CQsloOlIslCON.CQ.-OlS) 
Xr<XCONoNCol> 00 TO 75 

00 TO 70 

C tCT 

tTOr KNON THAT COLLCCTXON X5 

MOCCEDINO 


XRUN-1 

C UAIT 1 NS TO MAKE SURE THAT NO SAMPLES AOOOE 90 KM ARC COLLECTED 
C or TNC NEXT CALL TO XNPAD 
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OmOIN4L PAOE IS 
W POO^ OUAin? 


PO 77 J*lilOO 
77 eONTINUI 

MNNNalPP^PAB* 

CALL OUT 

CALL INAAD<L03iltilC0N> 

7* ir<JK.CO.|.OA.ICON.IO.-Sll) 00 TO 70 

irUCON.NC.l) 00 TO 7« 
lAUNat 

DO 7P JalilOO 
70 CONTINUC 

C CNICK FOR BYNCHRONIZA^ION iV PTARTINO A TINIR 
CALL PTNCdPTN) 

IXNNNa|DP«SAI3 
CALL OUT 

CALL INFAO(LXt*St*iCON) 

00 If (JK.C0.1.0R.IC0NiC0.*9l3.0R.IPVN.C0.t> 00 TO 70 

IF(ICON.NI.l) 00 TO 00 

IRURal 

DO 03 J-lftOO 
03 CONTINUC 

NNNNa|D0i39O4 
CALL OUT 

CALL INFA0(LX3>I1>IC0N> 

01 IF<JK.C0.1.0R.IC0N.C0.-913.0R.IITN.C0.n 00 TO 70 

IF(ICON.NK.l) 00 TO 01 

IRUN«1 

IDNalD 

ID-ID41 

KWA-l 

Jt-NCO 

K8(J1)«L01<2I> 

Kl( JUn-L01<33) 

Kt<Jt*2)>L01(29) 

Kt(Jl+3>-L01(27> 

K0( JH4)-L01<29/ 

K0( JlYS)>L0t(3l . 

K0( J144)«L02(21 ) 

K0(JU7)>L03(23> 

K0< J140>>L02<29) 

K9< JlT«)aL03(27> 

K9( J1410)*L03(3V) 

K9<Jdll>-L03(3l> 

K9(Jlfl2>-LXl(21> 

K9( Jlfl3>>LXl(23) 

K0( J1414)>LXI<29) 

KOI J1419>aLXt(27) 

K9<JI414>>LXi(29) 

KOI Jt417>aLXK3l> 

KOIJU10>aLX3l21) 

K0IJI*19)-LX2I23) 

KOI JH20)-LX2I2S) 

KOI JU21)>LX3I27) 

KOI JI422)>LX2I29> 

K0IJI423>>LX2I3I) 

IFINC0.0C.217> 00 TO 100 
IFIID.OT.NOAN) 00 TO 90 
00 TO 70 
100 CONTINUE 

C WRITE 9ANFLC0 

WRITEI2) IDNtKO 
00 TO 190 

C OCT ID-130090 TO 810NIFY THE END OF FILE 
90 CONTINUE 

WRITEI2) ICNDfKO 
KNA-1 

CALL CL00CI2> 

00 TO 40 
END 


c 

c 

c 


■UMOUTINC CTINCa 
CONMON /A/ITIN(4>»1MC 


R.vjiNAk-. PAGF 
OF POOR QUALITY 


LOAi CMilNT ILArUI TINC tlM€l LAST CALL TO CTINI2 


ITIIC-1TOIC4IOIC 

1UC>0 


C KIIM TKACI or HCONOO AMO INCMMNTO NltMITKI 

C 

S COMTl'*''t 

lf<nMC.OI.AO> iriN<4>>ITIN<4>4l 
ir(IT0IC.0C»40> IT0CC«lT0IC-40 
irtlTOIC.OC.AO) 00 TO 0 

c 

C INCRIMINT TKNO Or NINUTCO 

C 

10 ir<lTIN(4>.0T.f) ITIN<1»ITIN<3>41 

ir(ITlN<4).0T.«) ITlN<4>>ITlN(4)-t0 
ir<ITIH(4>.0T.f> 00 TO 10 
C 

C INCRCNINT NOURO 

C 

20 ir<ITlN(l>.OT.O> ITlM(a)>ITlN(2>41 

irdTINOl.OT.O) ITXN(l>>ITIM(3)-4 
ir(ITIN<3>«0T.8> 00 TO 30 

c 

C INCRIMINT TIN! Of NOURO 

C 

ir<ITtN(3> .OT.t) ITlN(l>a|TIN(l>^l 
ir(ITtH(31.0T.f> IT1N(3>«ITIN<3>-10 
ir(tTIN<l>.OT.a> ITtN<l>aO 
RITURN 
END 


.OLOOL TICK*. DA 
/ TICK COUNT! IICONDO 
/ rORTRAN IV CALL! CALL 
TICK 0 


I lie 


• 1 


TINA 


jH%n 

oDA 

JHP 

oO 

0 


D2N9 

ItCC 

oTINCfl 

AOf it 


TICK 

0 


DAC 

TKNA 

mt 

ISIC 

•TIHIK 

A0» it f 9 

LAC 

TMA 

oALXXT 

it 

0 


• END 



TICRIIOIO 


/ZIRO OICONOI 
/OTART CLOCK 
/Rll URN 

/OIRVICI ROUTINI rOR INTIRRUAT 
/OTORI ACCUMULATOR 
/INCRIMINT OV ONI OICONi 
ZOO AOAIN 

/RliTORI ACCUMULATOR 
/RITURN 


/ROUTINI rrO CNICKO DATA lUXTCN 00 KOR A 1 OR 0 

/ 

.OLOOL rro 
rro 0 


UAi 


/•fT TNI C0N90CI DATA illXTCN 

AMD 

<400000 

/NUMilll 00 

9MA 


/Xi XT A t t 

JNP 


/N0» CNECI AOAIN 

JMAi 

PAO 

/fUTUMN TO 9INT0T 


.INO 


.TITLI OUT 
.OLOOL OUT 

our 0 

708704 

JNAO 


OUT 



PAliF !3 
OF POOR QUAiiTY 

iitrAtr 

.rmi A/i CONVtATfK tfiVICK AOUTINCB fOA 
ifAMIB V9A tliVICB ACKITINBt FOA THC HA BAIOA A TO B 
COAVIAtCA. THBBf AOUTIAiB ABAAIT tAAMT OT AAt BAfCiriBi 
NUAMA or BAUrCBB lATO A COAE BUfrCA* lAfUT AAV BB OViA- 
LAAftB BITA AAOBBAA tXCUTIOAt AAD COATAOt AAV If Ail. lAtUIBACB 
TO LOBCA AAIOAITV AAOOAAAB BNiLt DATA TAAABrCA TAAIB AtACB. 

AACA0*IB CAttXAB BBOUBACBI 
JAB SNA AD 

AUABBB or BAAACBB ABOUIABD 
iUrriB ADDABBB 
COAPtBTlON rtAB ADDABBB 

ABAL-TIMB BUBAOUTIAB ADBABBBt AAXOAITV CBVBt XA BXTB 0-2 
iEXAAAtlt 9000004ATBtlBA> 

<ABTUAAB HBAB lAABDXATBLV) 

ir TAB 4TH BOAD AATBA TAB JAB XB Of AO ABAL-TXAB BUBAOUTIAB 
BXIX BB ACTIVATBB. AOTBt TAB AAXOAXTY COBB rOA HAXABTABAA XB t 
TAB COAALBTXOA rtAB XB CtBAABB BV TAB CAtt TO XAAADf 
AAO BBT TO 41 rOA AOAAAt COAALBTXOA OA -1001 If A DATA 
TXAXAB BAAOA OCCUAB. 


/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

ADBCA-2A 

ADCAA-AOBCAil 

•BC0A*100 

ADBX-709724 

AOBO-703701 

ADBT-703731 

ADC0«703704 

ADCT-703744 

/ 

/ 

/ 


XAAAD 


/A-D BOAB COUAT 

/AAD CUAABAT ADDABBB ABOXBTBAB 
/AOAXTOA'B COAAUAXCATXOA AABA 
/A-D COAUBATBA BAXTB XAITXALXZB 
/BKXA OA BOAD COUAT OMBAALOB 
/BAXA OA DATA TXAXAB BAAOA 
/Cl BAA OVBArtOB ALAB 
/CLBAA TXAXAO FLAB 


INAA 
I NBC 
XNALAO 
XNA 


POINT 

FOA A-D 

XNTBAFACB INITIALIZATION 

.OLOBL 

A 

tN.AOi . 

DA 



• OA 



JAP 

0 

A 

.♦4 



VI 

0 

JAP 

I ABET 

/ABPLACBD 

•T ‘LAC. tNUC 

TCA 

DACB 

(ADBCA) 

/BBT BOAD 

COUNT 

LAB 

-1 



TADB 

XAAA 

/BUFFBA Al 

IDABBB -1 

OACB 

(ADCAA) 

/ TO CUi 


DZAB 

XNFLAO 

/CLBAA FLAB 

DZN 

XABUBO 

/CLIAR RIAL-TINC tURROUTINC 

ADBX 


/XAITXALXZB XNTBAFACC 

JAPB 

XNPAD 

/RETURN 



TAB rOLLOBXAO CODE XB EXECUTED ONLY OACB 


lAB^T 

ADBUA 


LACt 

DAC 

JABi 

AD80 

ADXNT 

DZAt 

LAC 

DAC 

JAA 


i»BC0A4SS) 


► -1 


(304 

(LACB 

XAA 

XNA 


XABC 


/OBT BATAV POX AT ADDBABB OF .BBTUP 
/CALL .BBTUP TO CONNECT ADXAT TO API 


/AODXrv XNBTAUCTXON 
/ AAD JUAP TO XT 


/ 

/ 

/INTBAAUPT BBAUXCB AOUTXNB. iXBCUTBD XAACDXATBLY AATBA COAPLBTXON 

/ 

/ 

/ 

/ 

/ 

ADXNT 


OF DATA TAANBFBA. DBTBAAXABB BTATUB OF A-D XNTCAFACBf BBTB 
COAPLBTXON FLAB AND ACTIVATED ABAL-TXAB BUBAOUTIAB. 

AUNB AT API LEVEL 0. 


0 

DBA 

DAC ADBVA 

ADBT 

BKPtCLAI XAC 
LAB -1001 

DACt XNFLAO 


/PAOB ADDABBBXNB HODB 
/BAVB AC 
/TXAXAB BAAOAT 
/A0f41 TO AC 
/YBBf BAAOA CODE 
/BBT FLAB 


193 


194 


ADXIT 

ADCO 

ADCT 

LAC 

ADtVA 


om 

AOIMT 


fCND 



/CLIAR 

/ INTIRRACE FLARE 
/RtRTORE AC 

/RET TO LEAVE NARDMARE AFI LEVEL 
/RETURN TO INTERRUFTED RRORRAN 


.OLOIL RTOFfDA 

/RTOF CHECKR FOR COLLECTION RTOFAOE 
/FORTRAN IV CALL! CALL RTOF(NT»OR»RUN> 


ORIGINAL 
OF POOR 


PAGE IS 
quality 


/ 


•TOP 

0 



JHtO 

.DA 


JMR 

.f4 

NT 

0 


OR 

0 


RtR 

0 



DZNt 

KT 


oTXNfR 

ZOOiAOCtA 


JNRt 

STOR 

Ml 

0 



DAC 

UHEN 


DZHt 

NT 


LAC$ 

8ZA 

OR 


JHR 

TX 


LACS 

SZA 

RUN 


JHR 

TX 


XSZS 

NT 

TX 

4TXHCR 

200»AOCt4 

LAC 

WHEN 


.RLXIT 

AOE 

UHIH 

0 

• EHO 



/FLAO TO INDICATE RTOFAOE 
/IR FROORAN TRYINR TO COLLECT 
/CrLLECTION FROCEEDINO 
/RET FLAO TO lERO 
/RTART TIMER 
/RETURN 

/RERVICE ROUTINE 


/RAVE AC 

/RET FLAO TO ZERO 
/OET FROORAN RTATUR 


/IR IT COLLECTINOr 

/NOt DON'T CHECK FOR RTOFAOE 

/veil CHECK 


/YER 

/NOi RET FLAO 
/DO AOAIN 
/RERTORE AC 
/RETURN 


.OLORL RYNCr.OA 

/SYNC CHECKR FOR A/0 RYNCHRONIZATION 
/FORTRAN IV CALLt CALL RYNC(RTF) 


/ 


SYNC 

0 

JNtt 

• DA 



JNR 

9^2 


SYR 

0 

DZNS 

SYR 

/SET RLAO TO ZERO 


.TXNER 

IOfEROfA 

/START TXHER 


JHRS 

SYNC 

/RETURN 

ERO 

0 


/SERVICE ROUTINE 

DAC 

NCRR 

/STORE AC 


XSZS 

SYR 

/SET RLAO TO ONE 


LAC 

NERR 

/RESTORE AC 


.RLXXT 

ERO 

/RETURN 


NERF 0 

.END 


FUNCTION CN(HT>NONTH) 

1IHENRION H(F)tF<9f3> 

DATA M<l)»H<2>»H<3)fM<4)tH<S)fH(4) tH<7)tH(R)»H<f )/55.0»A0.0t 


1 

1 

2 

1 

2 


ASt0>7O»0t7S.0tR0<OfR9.0i9O.0f lOOiO/ 

DATA F<l»l)iF<2tl)tF<3fl)tF<4il)fF<S»l>»F<Ail)tF<7fl)#F<Ril)f 
F(*il)/.440f» #2395* .1194 » .035RR» . 02423* l.lRS-2*4.449E-3*l.450E-3* 
2t499E-4/ 

DATA P<1*2)*F<2*2>*P<3*2>*F<4*2>*F<9*2)*F<4*2)*F<7*2)*F<R*2)* 

P< 9* 2)/. 4040* .20R7* .1034* .04RRR* .021R7* .01')9*4.495C-3*l.R57E-3* 

DATA^P(l*3)*P<2*3>*P(3*3)*P<4*3)*P(S*3)*r , < 3) *P<7.3) *P<R*3) * 


1 P< 9* 3)/ .3449* . 1R43* .09157* .04395* .02012* .v.04*4.533E-3* 1 .950E-3* 

2 4.100E-4/ 

N0NTH-H0NTH44 

IF(N0NTH.0T.12) NONTH-NONTH-12 
XF<N0NTH.E0.12.0R.M0NTH.LC.2) j-1 


u u u u 


C 


195 


c 

c 


3 

2 

X 


c 


110 

m 


120 

c 


•UHMCIIt JUMKi IULYpAJOUST 


xr i (MONTH. OK. 51. 00(.< MONTH. OEpf.AMD.MOIfTN.tE. tin J>2 

EQUINOX t NANCH»NPmt»/tNVttErT#OCTfNOV 

IF ( MONTH. OE. 4b. AND. MONTH. LE.i) J>3 

HIHTIN; DECtJANtFEI 

IF<HT.tT.SS. 1 00 TO tU 

DO ItO :>l»9 

ir(HT-H(;n p2f3 

00 TO 110 

AFHT«F(Xf J> 


00 TO 120 
A*HT-H<l-l) 
D«H(X>-H(l-1) 
Fl-AL0010(P(X-|pjn 
P2«AL00i0(P(IpJ>>* 
PHT«(A/D)E<P2-PI)9P1 


O^INAL PAGE fs 
0^ POOR QUALITY 


A^HT>10.0MPHT 

A.HT IB MKIBURC AT HT 

00 TO 120 


CONTINUE 
00 TO 120 

A.HT-.(I«J).(2.710.«<><NT-SSi)/7.2) ) 

.■.(0).CXP( (HT-NT(0>./N 

H IB PRCBBURC BCAtC HCIONT AVCRAOE BCTMEIN 30 AND 98 KN 
U.B.BTANDARD ATNOBPHERE l?A2i FROH NUROATIIOVD* 'RfP.PflOO.PNYB* 


VOL 33>PB1. 
CN>A.4E7.APHT 
OREOORV AND NANBON 


CONTINUE 

RETURN 

END 


DRIFTR 

REAL IDATAtNCLNBHfKERROR 
LOOICAL ONE 

DINENSION FNAH(2)fOATE<2))ITIN<4)tORIENT(4> tE«2)iANT<4) 
DIHENBION DF1(31> f DF2(31 > t DF3( 31 ) • DF4( 31 ) i DKB(240> » KB <240) 
CONNON /AA/ NDATA(4)»IDATA<4f912)iRAD<3)iCTNETA<3)>NAUT0tNC*0NE 
CONHON /BB/ NIRH0(4)>lRH0(30>4)>ANNACF(21)fANINRN>NAXTAU»DELTAT 
CONNON /DO/ ID(3)»T>lH>NBLK>IFtC0N(3>»DTHETA<3> 

DATA ANT(1)/SHN-E / > ANT < 2 ) /SHN-V / » ANT < 3) /9HB-U / 

DATA ANT<4>/SH8*E / 

DATA E(l)/SMCHErK/.Fl/4HlDAT/tF2/4M2DAT/.F3/'4M3DAT/.F4/4H4DAT/ 
DATA F9/4M3DAT/»F4/4H6DAT/.F7/4M7DAT/»FB/4HBDAT/»F./4HtDAT/ 

DATA FIO/ )HADAT/ 

DATA F/4H1DAT/ 

ORIENT< 1 /-4S. 

0RIENT<2>-31S. 

0RIENT(3)-229. 

0RIENT(4)>13S. 

NDATA(1)-S12 

NDATA(2)-S12 

NDATA<3)>9!2 

NDATA(4)-912 

RAD( 1 >•! 19.S 

RAD(2)-llf .9 

RAD(3)-11>.9 

NAUTO-3 

DT-.033/ >4 

LNAN«0 

URITE(4f33) 

F0RNAT<4NXX ) 

CONTINUE 
LNAN-LNANf 1 
1F<LNAN.E0.1> C<2)-F1 
ir<LNAN.E0.2> E(2)-F2 
!F<LNAN.EQ.3) E(2)«F3 
1F<LNAN.E0.4> E<2)-F4 
IF(LNAN.E0.9) E(2>-F9 
IFCLNAN.EO.A) E(2)-F6 
1F<LNAN.EQ.7) E(2)-F7 
IFILNAN.EO.B) E(2)-FB 
1F(LNAN.E0..) E<2>-F9 
IFlLNAN.EO. 10) E(2)-F10 
IFILNAN.OE. 11) PAUSE 
KK9«C 


33 

4 


196 


4 


20 


2t 

23 


S 

39 

34 

40 


49 

44 


40 


41 

42 



4CT-70.9 
00 TO 21 
CONTinUf 
KKf«0 

IF(4LT.C0.il .0) 00 TO 4 
XF(4Lr.C0.7f .9>4l.T«01 0 
ir<4tT*CQ.74.9)ALT«7f •:> 

SF(4LT .CQ.79.0)ALT«74.9 
ir<4LT.C0.72.0)4LT»79,0 
1F(ALT.C0.70.514LT«72.0 
CONTINUE 

JNLT«IFXX^41T/1 ,9-29. ) 
r0NN4T(F4 .. 

CALL 9CCK(2fC) 

NCA0<2) DATCr ITXHi ID» 

t09«ID»-44 

MNlTC(4f 9) 

FONHAT( IHl »00X/40X> 

UNITC<4f39> DATCflTINtlOltALT 

r0NNAT(l0X>2A9»10Xf4ll»10X»l2»3H Di f 1 OX »F4 « 1 f 3N KN) 
UNlTE<4r34) 

F0NNAT(//12X) 

CONTINUE 

NEAn<2> IDfKB 

IF( XD.EQ. 130090) 00 TO 40 

KK«1 

DO 43 N-1 i240 
DK8(N)-FL0AT<K3(f:) > 

CONTINUE 

CONTINUE 

KK9«KK941 

IF<KK9.0£ 311) 00 TO 40 
DF1(19)»DK9(KK) 

DFl(19)«DK8(KKtl> 

0PK21 )-0K8(KK>2) 

DFl(22)-DK8(KKf3) 

DFl(24>»0K8<KKf4) 

DF1<29)*DK8(KK49) 

DF2aO)«DK8<KK44) 

DF2( 19)«0K8<KK47) 

DP2<21 >-DK8<KK40) 

0P2(22)«DK8<KK49) 

0P2<24)-DK8<KKf 10) 

DP2(39)-DK&WKKft] ) 

0P3a8)«DK8<KK412) 

DP3a9>«DN8(KK413) 

DP3<71)«DKS<KK414) 

0P3(22)«DK8<KK413) 

DP3<24)»DK8<KK414) 

0P3(29)«DK8<KKfl7) 

DP4(18)*DK8(KK9ii) 

DP4<19)-DN8<KKit9) 

DP4(21 )«DR8(KK420) 

0P4<?2)«DK8<KK921) 

OP4^24)«0K8<KKf22) 

OP4<23)«OKS<KKf23) 

FK-KK924 

; DATA ( 1 » KK9 ) -DP 1 ( JAL T ) 

1DATA(2»KK9)*DP2< JALT) 

X0ATA<3pKK9)«0P3< JALT) 

XDATA(4»KK9)-DP4( JALT) 

XF(KK.0E.240) 00 TO 40 
00 TO 44 
CONTINUE 
CALL CLOSE < 2) 

D«DT 

DO 42 K«2»4 
il"IDATA<KtI ) 

DO 41 I«2>UI2 
82«1DATA<K»X) 

IDATA(KpI)«82iD8(il-»2) 

il»82 

D«!)40T 

AUN0X8«0. 


71 

72 

73 
7^ 
70 
79 


•0 


43 


44 

49 


no 79 lK«tf4 
DO 70 JK«3t9t2 
AVNOI9«OVN01t41DOrA< U» JK) 


ORIGINAL PAGr IS 
OF POOP QVkUVf 


CHICK»<1D0TA(1K»JK>-ID0TA<1K» JK*t n 
OCNECKMiKCNCCK) 

If (0CHECK»tC.90. > 00 TO 74 

lF(CNCCK)7ir72f 73 

IDOTA< IKf JK)*IDAT4( IKr JK-D-90. 

00 TO 74 


TO 74 

lOOTAdK* JK>-IDATA< IKi JK-l>f90. 

CONTINUE 

CONTINUE 

CONTINUE 

AVN0l9«AVN0I9/2044. 

UNITEUfOO) AVN0I9 

F0NNNT<9Xt32H4VEN40E 910NAL LEUCL«tF7.0> 

DO 49 Nt«lf4 

K»NC 

DO 43 J«lr3 
CTHETA< J>«ODIENT<iO 
CON( J)»4NT(K) 

IF<R.E0.4) K<iO 
K«K4t 


CALL DIIIU08 

DO 44 K-lf912 

D«IDATA(ld) 

IDATA(l»l>»lDATA<2f I) 

IDATA(2»l>«IDATA(3f I) 

lDATA(3f 1)-XDATA(4»I) 

IDATA<4f I >«D 

CONTINUE 

00 TO 20 

STOP 

END 
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8UDA0UTXKC 8AI008 
NEAL ID^TAfNCLNSHtKENNON 
LOGICAL ONE 

D1HEN810N XN8T0N(42) tCX8(3) fCY8(3> f CY(3> »ENN(3) fUIH(3) fVID<3) 
D1NEN8I0N TN(3) »TCD80(3) f DN9Q(3) »8N2DTH(3> »C82DTH(3) 

DINEN8I0N 09<4)»04(3»2)»07(7)t0ii7>fP0L(2> 

CONNON /AA/ N0ATA(4)»IDATA(4»U12)fNAD<3)fCTHETA<3)fNAUT0fNC»0NE 
CONHON /Di/ NINHO(4>»INHO<20f4>»ANNACF(2i>tAHlNNHtNAXTAU»DELTAT 
CONNON /CC/ PIfPXD2»PIN29PID2N3»NDTD0fD0TND»FNADEQ»KENN0N 
CONNON /DD/ XD(3>fT»IH»NDLK>XPtC0N<3)fDTHETA<3) 

CONNON /EE/ CX(3> »NX88»THHALF»TD(3> iDXO) f DY(3) >DN<3) »CNH3> 
CONNON /FF/ 01(20f4>t02(20)f03(3t42>»04<3t4>t8N<3»4)fNT0f^ 
EQUIVALENCE ( IN8T0N* 1NH0> 

DATA POL ( 1 ) /9HX-N0D/ 1 POL < 2 ) /9H0*N0P/ 

DATA EN1/4H /fCN2/4HACF2/fCN3/4HTNLF/f EN4/4HXHF1/ 

DATA EN9/4HDXFl/tCN4/4HDIF2/»EN7/4HTNH0/fCR0/4HNI88/»ENF/4HHYPE/ 
DATA ENI0/4HVC**/ 

Pl-3. 141982493 
PXD2«1. 9707843 
PIN2«4. 2831893 
PID2N3-4»7123888 
NDTDO-97. 2897789 
D0TND«1.7493283E-02 
N8HIFA-18 
N8H1FC-18 
DELTAT««4 
NDATA<1)«912 
NDATA(2)-912 
NDATA(3)«912 
NDATA(4)«912 
C 
C 
C 

KCNNON-ENl 
DO 4 I>lf3 

DUN1*CTNETA< DSDOTND 
CX(1)«NAD( 1>8C09(DUN1) 

CX8(I)»CX(I) 

CY a ) «NAD ( I ) 88tN( DUHl > 

CY8(n»CY(X) 


4 



c 
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Xr<CXa>.CQ«0.«AND*CX<2).i0.0«*AND.CX(9KC0*0.> 90 TO 
COHrUTi DirrtXCNCff VCCTOM 
KVtCT«0 
DO 9 l-l»2 
JDUN«UI 
DO 9 J«J0UMf3 
KVtCT«XVCCTil 
OUHS>CX( J>-CX(I> 

0UN2«CY(J>-CY<X) 

OX(KVCCT)*OUHt 
DY<KVCCT)«0UH2 

Dfl9Q<KVCCT)«DUMI9DUHI>DUM29DUH2 
OX ( KVCCT ) •9QXT ( DX90 ( KVCCT > ) 

DUN9MXCTAN< DUNX » DUH2 > 

DTNtTA(KVCCT)«AMOLXN(DUX?»0« »XXM2> 
rND7H«0UM2/0UXl 
TN90DT»TNDTH9TNDTN 
DUNI»ltfTNOODT 
9N20TH(KVCCT)«2*«TNOrN/OUHt 
CS2DTH<KVCCT>»<l.-TNiODT>/DUHI 

9 CONTXNUf 

DO f X-tfNXUTO 

CAtL C0XLAT<XrX»X»N9NXFA) 

00 • KH>l»NfHXFA 

• OI(KH9l>>i*C*9«FLOAT<XXHO(XNpr) ) 

f CONTXNUE 

yXXTC(4»44> 

44 F0XMAT(40H# ••4»4t44444#4#f##44> 

DUHi«t.E4 
AXNACF<X)-DUH1 
DUH3» 1 • /FLOAT ( NAUTO ) 

02(1)-1. 

DO II X»2»N9HXFA 

9*0« 

DO 10 J«lfNAUTO 

10 8«94I0.«FL0AT(IXH0< Xr J) ) 

DUA2-99DUN3 

02(X)«i.E-4»DUH2 

ANNACF(X)«DUH2 

C IF(DUNULE*DUH2> 00 TO 12 

DUHI*0UA2 

11 CONTINUE 
X-N9HXFA 

12 XF<X.0E*4) 00 TO 13 
KEXX0R-EX2 
yXXTE(4»04> KEXROX 
00 TO I 

13 IF(X»0E«N8HIFA) 00 TO 14 
NAXTAU>I-I 

00 TO 19 

14 NAXTAU-X-2 

19 AHXNXH«ANNACF(NAXTAU> 

CALL TAUACF<9*E9fTNHALF»N0KAY) 

XF(NOXAY.EQ.I) 00 TO 14 
KEXX0X-EA3 
NIIXTE(4»84> KERXOA 
00 TO I 

14 CONTINUE 

C CONFUTE CX088 FN8« AND TINE FANAHETEX8 

KVECT-0 

NZEXLI-N8HXFC-I 

NZERF|>N8HXFC4I 

NT0F»NZCXLIfN8HXFC 

NCOUNT-0 

DO 43 X-lf2 

JDUH-X4I 

DO 42 J«JDUH»3 

C F00K8 RH012 EQUALS C0XLAT<2»I> 

KUECT«KMECT4I 

CALL COXLAT(Jf I»2fN6HXFC) 

CALL COALAT<X» Jf3fN8NXFC) 

C NEUEN8E IXN0(3) INTO XII8T0X 

DO 18 K«1»NZEALI 
LMZERFI-K 

18 X88T08(K>«XNH0(L»3) 

DO If K«N8HXFC»NT0F 
L-K-NZEXLI 

If XN8T08(K)*XXH0(L»2) 
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30 

21 

22 

29 

C 

29 

C 


2A 

27 

C 


C 

C 


29 


2f 


30 

31 

32 


33 

34 

39 

C 

34 

C 

37 

39 


ORIGINAL PAGE 18 

NcouMT>NcouMT*i GF POOR QUALI 

ir<MC0UIIT-2) 20»21i22 

HCO«l 

00 TO 23 

NCO-3 

iiO TO 23 

NCO-2 

CONTINUE 

I99T09 NON C0NT91N9 rOON9» INHOdtJlt P09* AND NfO 
DO 29 KN«l»NTOr 

03<NC0UNTfKN)»t .E-99FtOAT< I99T09(KH) ) 

FIND F091T10N OF NAXINUN 
NAX-199T09( 1 > 

K«1 

DO 24 L«2>NT0F * 

IF(HAX.0E.IN9T09(L)) 00 TO 24 

HAX«199T09(U 

K«t 

CONTINUE 

IF<IA99(H-N9HIFC).LE.N9H1FC*3) 00 TO 27 

KERII09-EII4 

00 TO 9f 

CONTINUE 

FIT 0UA9TIC TO FIVE P0INT9 AND 90LVE FOR ZERO DERIVATIVE 
CF«FLOAT< IR9T0R<K42) ) •«2 . 9FL0AT < IR9T0R OO > ♦FLOAT < IR9T0R < K-2 ) ) 
CO«FLOAT( lR9T0R<Ki2> ) -FLOAT ( IR9T0R<K->2n 
CH-FLOAT( 1R9T0R(K^1 ) ) -FLOAT ( XR9T0R ( X- I ) ) 

CK«FLOAT< IRSTORIK^t )-29IR9T0R(K)4XR9T0R(K-n > 

F»<CF-4.$CX)/2.4 

Q*(C0-2.9CH)/1.2 

R»-<CF-l4**CK)/2.4 

S«-<C0-9.9CH)/1 .2 

FOLLONXNO FINDS ZERO OF DERIVATIVE OF QUADRIC 
NHICH LIES 9ETNCCN X*-l AND X«^l 
XA»-1 . 

Xi*l« 

FA»( (4.«P9XA^3*tQ)9XAfRfR)tXA^6 
F9«( (4.«PtXi43»4Q>«XD4R4R>«X946 
IF<FA9F9) 32»2Tf29 
XERR0R*ER9 
00 TO 9f 

IF(FA.C0.0. > 00 TO 30 

XX«Xi 

00 TO 34 

lF(FS«Ea.O. ) 00 TO 31 

XX-XA 

00 TO 34 

KERROR«ERo 

00 TO 59 

X»(XA9Fi-X9*FA>/(Fi-FA> 

FC-( '4*«P«X43.90>SX4RfR)9X48 
IFiFC.EQ.O . ) 00 TO 35 
XF(FA$FC«LT»0. > 00 TO 33 
Fi»(FA«FD)/<FA4FC) 

00 TO 34 

F9-FA 

Xi*XA 

FA-FC 

XA»X 

IF(A99(XA-X9).0T.l.E-4) 00 TO 32 
XX"X 

USE THIS VALUE XX TO ESTADLISH NAX OF RHO 
RHONAX»(< (PtXXf0)«XX4R>9XXtS)«XX4FL0AT(NAX)9l0. 
TD(KVECT)-(FL0AT<K-N9HIFC)iXX)9DELTAT 
FIND NHERE THIS VALUE OF RHO OCCURS ON AHNACF 
CALL TAUACF<RHOHAXf TN<KVECT) tNOKAY) 

00 TO <39»37) fNOKAY 
KERR0R-ER7 
00 TO 99 
00 TO 59 

TCD90(KVECT)*TO<XVICT)9TD<XVECT)4TH<KVCCT)9TH<KVECT) 

04 < NCOUNT f 1 ) • 1 . E-49RH0HAX 
04(NC0UNTf2>-TD(KVECT> 

04 (NCOUNT p 3 ) -THt KVECT ) 

04 ( NCOUNT f 4 ) -TCDSOX XVECT ) 

CONTINUE 

CONTINUE 


42 

43 
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DO 44 KVCCT«tf3 

tH<KVCCTf3)«Ct3DTH<mCT> 
tH(mCTt3)«tN3DTH<KVCCT> 
•N<KVICT»4)«TCDtO(KVeCT)/DfltO(KVCCT> 
44 CONTINUC 

CAUL IIIIOS2 
•4 rOANAT<lH tA4) 

sf MiTC<4»i4> Ktnnon 

1 CONTINUC 

RCTUNN 
CND 


•UiNOUTXNC M10S2 

C lUMOUTXNC MX0t2 EtTINATES CONNCLATION ELLXPtCt 

NEAL XDATA>NCLNOH»KCAAOA 
LOOXCAt ONE 

DXHCNtXON 08<ll)»P0L<2>f09(4) »CY(3)»CAA<3)tVXH<3>»UX0(3)f04<3f2) 
DXNCNIXON 07<7) 

CONNON /AA/ NDATA<4>f XDATA<4f912)fAA0<3)tC7HCTA<3)»NAUT0»NCf0NE 
CONNON /»/ NXNH0<4)»XNH0<20»4>»AHNACr<2X>fANXNNH»NAXTAU»0CLTAT 
CONNON /CC/ PXfPX02tPXN2»PXD2H3»NDTDOfDOTAD9FAADCQ»KCAAOR 
CONNON /DD/ XD(3>tT»XH»NiLK>XP9C0N(3)»DTHCTA<3) 

CONNON /EC/ CX(3)»NX88>TNHACr»TD(3)»DX<3)iDY(3)»DA<3)»CA<3) 
CONNON /FF/ Oi(20f4>»02<20>f03<3»42)f04(3f4)itN<3»4)rNTOP 
DATA POL< X )/9NX-N00/»P0L<2>/5H0*N0D/ 

DATA CA1/4N / »CR2/4HACF2/ »EA3/4HTHLF/ »CII4/4HXHF 1 / 

DATA EA9/4HDXFi/»CR4/4HDXF2/»CN7/4HTAH0/fER0/4HNX8f/fCA9/4HNYPC/ 
DATA CR10/4HUC«-/ 

CALC NAT9(8H»CXf3»NX98) 

N8HXFA»tP 

XF<HX88*LE.O) 00 TO 49 
KENfl0R«eR8 
NRXTC<4»e4) KCRROA 
00 TO X 

49 CONTINUE 

A«CX(1 ) 
i«CX(2) 

C«CX<3) 

DUN1»8QAT (CtCTiii) 

IF<A«OT.DUNt ) 00 TO 44 

KERR08-ENP 

U8-1.E2 

PN8»0, 

00 TO 47 

44 AAXX8*1./6QIIT<A-DUN1 > 

8AXX8«I ./8QflT<A4DUNl> 

AXNATX»AAXX8/iAXI8 

THETA«AN0LRN(ARCTAN(-8»-C)8.9t0. fPX) 

A»TNHALF8AAXI8 

P«THETA8RDTD0 

i«TNHALF8iAXX8 

AXX8NA-A 

09<2>»A 

09(3>-8 

09(4)«AXRATX 

47 DO 48 X-lt3 

C 80tVE FOR DRIFT 

DUNI«t ./TD< X) 

CXm«DX<X)8DUNi 

CY(X)«DY(X>8DUN1 

CR(X)«DR(I)«DUH1 

48 CRR<X)-CRCX>8DUN1 
DO 91 XJ9"li3 

UINaJ9)-8QRT(CX(XJ9)8CX(XJ9>TCY(XJ9)8CY(XJ9> ) 
VIDaj9)«RDID08ARCTAN(CX(XJ9>»CY(XJ9>> 

04<XJ9f 1)«VIN(IJ9) 

04<XJ9»2>>UXDaj9) 

91 CONTINUE 

C 80LVC FOR NEAN PERPENDICULAR TO CX» CY J0XN8 

dun;«o. 

DUN2«0* 
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ORIGINAL PAaE IS 

DO 93 or POOR QUALITY 

JDUMvltl 

DO ^3 J«J0UM»3 

A«CX< J>9CY< |>-CX<I)»CV( J) 

•-cx<j)-cxn > 

C«CV<J)-CV<I) 

D«A/<M»«CtC) 

DUHl^DUMl-ASC 
93 DUH3»DUH2^A9D 

VD-tODT(DUNlSDUHUOUn3tDUH2)/3. 
f N I «MC TAN < DUN I # DUNS ) 

N-NNIIADTDO 

Ut-VD 

DO 90 lJKL»lf3 

PNN-NNI9RDTD0 

ir<f JKL.EQ.l) 00 TO 93 

CALL AN0UB<0THCTA>VDtNHlfCNfCANiLLtDlfi3iII»E3) 

UD«Dt 

Ut«DI 

PM0-D3 

NNl«i3 

C2-C3XADTDO 

N«NHtlRDTDO 

A«rt0AT(K) 

D2"i3»ADTD0 

tFiKCAAOA.eO.CNf ) 00 TO 9f 
C BOLUC FOB TBUE VELOCITY 

93 CONTINUE 
P«fHI-TMETA 
C-COB(P) 

B«B1N<N) 

IF<AB8<':) .OE.l.E-B) 00 TO 54 

M«iAXI8<iAXI3/Vt 

00 TO 96 

94 A»S/C 
N»AXBATtiAXBATl 
IF<A,LT*l.E-3) B-2.E2 
F«AN0LAN(ArAN<A/A>-Pf-FID2»FID2> 

FHI-FMI4P 

A«ABA 

i«A/A 

C-B41* 

B»i/B41. 

A»A>1 . 

N«8/A 

i«AAXX8»AAXI8 

9«iBr/(VD8V0> 

XF<N.LE.O. ) 00 TO 99 
V«iS80IIT<R)/VD 

NN«RB<A*B>/C 

XF<NB*LE.O. ) 00 TO 99 

VC«AAXXBBBQNT<BB) 

00 TO 94 

95 KENNOB-ENIO 
UAXTE(4»i4) KEBBON 

94 CONTXNUC 

PHX'xFNIBBDTDO 
FIFX-FMX 
PHX»FHXtOOTBD 
OOBD«VtBXN<PHX > 

DABT»V8C0B(PHX> 

IF<XJKL.EQ»3> 00 ^0 97 
UB»VB/3. 

U«U/2» 

OOBD»OOBD/3. 

DABT«BABT/2. 

PPPP-PX/2.-<PPP*PI/lB0* ) 

VBN0BT»VBBB1N(PPPP> 

UBEABT«gBBCOB<PPPP) 

07U>«VC 

07(2>«VB 

07<3)»V 

07(4>«00BD 

07(9)«PPP 

07(4)»rXFX 

07<7)«BABT 

00 TO 50 



97 


99 


9f 

40 

74 

74 

•2 


93 


94 

I 


CONTI NUI 
9t»9t/2. 
V«V/2. 


OKIQINAl f^AQI 18 
OF POOR QUALITY 


9ON0«90RD/2. 
9MT«0MT/2. 
932«9l/2.*<92t91/t90. > 
9IN09T>91$91N<»22> 
ilIMT«ll9C09<i22) 

09< t )«VC 

09<2)*il 

09(3>«C1 

09(4>«itCA9T 

09(9>»V 

09(4>-00IID 

09<7>«i2 


09(9>«C2 

09<f >»itN09T 

09U0)-riFI 

09<m-M9T 

CONTINUE 

U9ITC<4«74) 


U9ITE<4»74> 
NNITC<4f92) 
U9ITC(4f93) 
00 TO 1 
W9ITC(6»84) 
00 TO I 


(02(LX)rtl»l»N9HIM) 
(07<LI)ftX>i»7) 
<09<LX)»Ll-lf mtLL 

KEII909 


FONHATtlH »10r7,3) 

F0NN4TU0X/20X»29NHC4N AUTOCONUCLATION FUNCTION) 
F0NNAT(i0X/UX»99HD9IFT 9C9ULT9 U9IN0 FI9IT C9TXNATC OF 4FFA9CNT 

1 VCL0CXTY/lXr23HCiTXNATCD 4FF. UEtOCXTYt 21Xi 22HT9UE VELOCITY 

2 VC«»F7,2/XXr4HVEL»»r' .2»33X#4HUEL-»F7.2»4Xi4NE-U-»F7.2/tX 
3»4HFHX«»F7.2»33X»4HFHX«fF7.2f 4X»4HN-9«»F7,2) 
F09NAT(10X/IIX#47H09XFT 9E9ULT9 U9XN0 CONNECTED AFFANENT 

I VEL0CXTY/XX»23HC0NNECTED AFF. VELOCXTYi 7Xt 7MC0NFTS. t 7X» 
222HTNUE VELOC XTY MC«iF7.2/lX» 4HUEL* *F7 • 2 » 2X 9 4HENN0N* t F4 • 2 

393X94HE*-U«9F7«295X94NUEL»9F7«294Xf 4HE-U»iF7,2/iXft4HFHX«9F7*29 
42X94HENN0N»9F4*293Xf 4NN-9«9F7.2f9X94HFNX«9F7,294X94HN-G«9F7.2f 
91X/XX919NN0. XTENATX0N9«9X2) 

FONHATUH fA4) 

CONTINUE 

NETUNN 


END 
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FUNCTION ANCTAN(XfY) 

CONNON /CC/ FI9FXD29FIN29FID2N39NDTD99DNTND9FNA0EQ 
IF(X) 9fl94 

1 Xf<Y) 3f294 

2 NNXTECArO) 

ANCTAN«0* 

00 TO 7 

3 ANCTAN-FID2N3 
00 TO 7 

4 ANCTAN«FXD2 
00 TO 7 

9 ARC T AN*F 1 4 AT AN < Y / X > 

00 TO 7 

4 ARCTAN*ATAN(Y/X> 

7 XF(ARCTAN.LTtO. ) ARCTAN-ARCTAN4FIN3 

RETURN 

9 F0RHAT<1X922HARCTAN O/Oi 9ET>0 NAD9) 

END 


FUNCTION AN9LNN<AN9LE9CNDlfEN02) 
IF<CND2-*ENDi> 2ffti 

1 ENDHX«END2 
CNDLO>CNDI 
90 TO 3 

2 ENDNImENDI 
ENDL0»CND2 

3 RANOf-ENDNI-ENDLO 
ANOLRN«ANOLE 

4 1F<AN0LNN-ENDHX > 4t999 
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4 

7 


♦ 


10 

11 


la 

11 

14 


•0 TO 4 

irtONOLKN'CNOtOl T» 0»0 
AMV 0 N>*NtL«N 4 KAII 0 C 
00 TO 4 

triANOLON.OT.KNDHI) 00 TO 10 


KtTUKN 

MIlTIUiia) 

00 TO 11 
(NI|Tt( 4 *ll> 

M 0 ITI< 4 > 14 ) AN 0 LC«fN 01 »CN 0 a 
OTOA 

rOANATdXilOH tOA fOOC ANOtRN 
fOONATUKdON EAR EUNC ANttLAN 
P 0 ANAT<lXf 4 N AAAAAf If 20 . 10 > 


END 


•lX.llN AANOE 
tlXfllH CYCLE 


lEAOtlXfON OTOA> 
0 AEN. 1 X. 9 H OTOA> 


1 


a 

3 


4 


9 


4 


7 

0 


•UOAOUTINE 

OINEAOtOA 


AAOOO<Xttlf»a*fH»EAA*LL»Cl»C2iEl*Ea» 

I*.l>.0<2)»r«lJ>»EAA<3>.rC<3)»A<a»l)»A<l 


.2 


>, 0 r< 3 >> 0 ( 2 > 


a> 


0<1>M1 

•< 2>«02 


EAO-l.E -4 

ao«i.Eio 

LL *0 

DO 2 l"ltl 
AA 0 M( 2 )'Z< 1 > 
t>l./COO<AAO> 
FC<I)> 04 D< 1 > 

A< 

A( 1 . 2 >« 0 <l> 001 N<AAO> 4 iOi 
DO 3 J>li 3 
DF( J>*FA< 

DO 4 L>lt 3 


A<Lil>« 0 . 

0 ?L» 1 >"A<L* 1 > 4 A< JtLIODFi J)/<EAA< J>OEAA< J> ) 


00 9 L«l *2 
DO 9 K> 1>2 
0 <L»K>- 0 . 

0 ?L»X>* 0 <LtK) 4 A< JiL) 4 A{ J*K>/<EAA< J)OEAA< J 1 > 
DET» 0 <l»l> 00 <a» 2 )- 0 < 2 t 1 ) 4011 * 2 ) 
Y 1 «< 0 < 2 * 2 ) 4 A« 1 * 1 )“ 0 < 1 * 2 ) 4 A< 2 * 1 ) )/DET 
r 2 »<A(l*l)- 0 <l*l) 4 Vl)/ 0 <l* 2 ) 

A<lfl)-Vl 


A< 2 * 1 )«V 2 

01 * 0 . 

DO 4 J«l *3 

01>014DF( J)40F<J)/<EAA(J)4ERA< J) > 
O«A 0 O<OO-Ol) 

LL-LL 41 

00«01 

IFIO.LE.EAO) 00 TO 0 
IFILL.OE.O) 00 TO 0 


DO 7 J-l *2 
■< J)«t< J) 4 A< J*l) 

00 TO 1 

fl> 0 QRT< 0 < 2 * 2 )/DET 401 ) 

E 2 > 00 AT<O(l*l)/ 0 ET 901 ) 

CloOU) 


C 2 «R< 2 ) 

AE 1 UAN 

ENO 


OUDAOUTINE NATO (••AtNIfeCtHlOO) 

DIAENOION i( 3 * 4 )tA< 3 ) 

ni 09 >-l 

NN«NiAEC 41 

N»MOAEC 

DO 7 I> 2 *N 

II-I-l 

DO 7 J- 1 * 1 I 

IF< 0 (I»J)) 1 * 7*1 
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j>/t< j> 

•0 TO 9 

I RatU»J)/t<llJt 
90 4 R>I»MN 
9>9<J>K) 

9(J>R)>9(1»K> 

4 9<l*K>-9 

9 JJ>J4I 

DO 4 RaJJtM 

4 9(IiK>a|(l»K>-R49U>R> 

7 CONTINUI 

ir<AI9<9(NiNn-l.C-tO> lilif 

9 N199>l 
00 TO 12 

f 4(N)a9(N>NM>/9(N>N) 

DO 11 I*2»N 

•■0« 

11>N-I42 
*^0 10 K>IliN 

10 •■I4t< JJ>K)4A<Kt 
ir(AD9(9UJ»JJ) > *1»C-10> Oiiill 

II A(JJ)a<9( JJ.HN>*D)/9< JJiJJ) 

12 CONTINUI 

AITUAN 

INO 


tUOROUT 1 Nl T AUACr ( RNONAX t TAU • NOKAT > 

CONNON /Dl/ NIRHO<4)*IRNO(20>4>.ANNACr(21>fAHINRNiNAXTAUiOILTAT 
NOKAT- 1 

IF<RHONAX.OC.ANINRH> 00 TO 1 

NOKAT-2 

00 TO 5 

1 AHINDI-AMU. -RNONAX) 

K-1 

DO 2 L-2>NAXTAU 

IFIANINDl .LC.ADKRNONAX-ANNACFd.) ) > 00 TO 2 
ANINDI-AD9(RH0NAX-ANNACF(L) ) 

K-L 

2 CONTINUI 
IF(K.Nt.l) 00 TO 3 

T AU- OOR T < AN I NO I / ( 1 . - ANNACF ( 2 > > ) 

00 TO 9 

3 A- . ANNACF ( K- 1 ) - 2 . OANNACF < K ) 4ANNACF < K4 1 ) ) 

D> . 29$ < ANNAC F ( K 4 1 ) -ANNACF ( K - 1 > ) 

C-AN .ACF(i<) 

lF<ADf<A>. 01. 1.1-04) 00 TO 4 

TAU- < FLOAT ( K > - 1 . 4 ( RNONAX-C ) / ( 2 . $D ) ) OOILTAT 

00 TO 9 

4 TAU-<FL0AT(K)-1 .-<D4IORT(D$0-A$<C-RHONAX) ) >/A)$OCLTAT 

9 CONTINUI 

RITURN 

IND 


9UDR0UT I Nl CORL A T ( J 1 f J7 > J3 1 NON I FT > 

RIAL I DATA 

OININIION X(990>tT(990) 

CONNON /AA/ NDATA<4) ( ; JATA<4«912)iRA0<3>tCTHITA(3)tNAUT0tNC>0NI 
CONNON /DO/ NIRNO<4>rlRN0(20>4>>ANNACF(21>tANINRNfNAXTAU>DILTAT 
NOAT-NDATA(Jl) 

DO 1 JXY-1>NDAT 
X<JXY)-IDATA(J2>JXV) 

1 Y( JXY)-IDATA<Jlf JXY) 

BX-0. 

IT-0. 

99X-0. 

9SY-0. 

DO 2 JXY-liNOAT 
I9X-09X4X( JXY)tX( JXY) 

2 9X-0X4X(JXY) 

XF(J1.I0.J2) 00 TO 4 
DO 3 JXY-1>N0AT 
99Y-99Y4 Y < JXY ) $Y < JXY ) 
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JXV) 

§0 TO 9 
4 tV^tX 

itVMtX 

9 00 7 JD-ltMONICrr 

N9«JD-t 
N^M»AT-N9 

9 « 0 . 

00 4 J«l»Mr 
III«J4N9 

4 9«94X(J)9V<im 

0»l./rL0M<Nf > 

lONOUDf J3)»<i-tX99Yi0)/90IIT( (99X-9X«9X9Q)9l99V-iY99Y40M«lC44«9 

IJI»M04T-Mt 

XX>X(IJ1> 

YY»Y< JO) 

9XMX-XX 
9Y»9Y-YY 
99X-99X-XX9XX 
7 9iYMIY*YY9VY 

9 MtllNOC J1)»N9NIfT 

OCTUON 
XWD 


ORIGINAL PAGE IS 
OF POOR QUALITY 


C DOrTPL c 

C OAT 9L0T 2 19 A99I0MC0 TO 9ATA TAAt 
ACAL lOATAtNCLNONtXIRAOA 
tOOICAL ONt 

0IMCN9T0N FNAA<2>»OATI<2)tlTIN<4)tOAUNT(4)»AltT(4) 

DININ910N 0AU3l>iDA2(31)»DA3(3l>f0A4<9t)»0K9(24O>fK9<24O) 

COHMOM /AA/ N0ATA<4)f IOATA<4f9l2)tAAO<3)»CTNCTA<3>»MAUTOfMCfONt 
COAHOM / 90 / NI9NO<4)»IANO<2Of4)»AMNACr<2t)9AAlNAHtHAXTAU»0ttTAT 
COAHON /DO/ ID<3)tT»INfA9CKf IAfC0A(3>»0THXTA<3) 

DATA AAT(1>/9NN*C / » ANT ( 2 ) /9HA*M / t AAT < 3 ) /9H9-M / 

DATA AAT(4)/9H9-C / 

0AXCAT<1)«49. 

00tIAT<2)»319* 

0AIINT(3)«229* 

0AXCAT<4)«139* 

ADATA<t>«9t2 
4DATA(2)*9t2 
NDATA(3)«912 
ADATA(4)«S12 
AAD<l)«lif .9 
AAD<2)«tlf .9 
AAD<3)«llf *9 
AAUrO«3 
DT-.033/.4 
4 CONTINUE 

KAf«0 

4 CONTINUE 

NNITC(4»tl> 

II rONAAT<14H UNXCH DATA riLC) 

NEAD(4»I9) FNAA 
19 rONAAT<2A9) 

C 9ET HIIONT 90UNDANIE9 
NNITK4t22) 

AEAD(4»23> ALT 

22 F0AAAT<4HHEX0HT) 

JALT«irXX<AtT/i.9->29. > 

23 rONAATCFAtl) 

C OfCN FILE 

CALL 9EEK<2»FNAA) 

AEAD<2> DATCiXTXA»XD9 

ID9-XD9-44 

NNXTE(4»9) 

9 FONAATUHI ti0X/40X) 

r UNITS NSADSN 

UNITE(4»39> DATEtITIAf IDOtACT 

39 FONAATCIOX»2A9tlOXf4llf lOXf I2»3H DO# 10X»F4. 1 »3N XA) 

UNITE(4»34) 

34 F0NAAT(//12X> 

40 CONTINUE 

C NEAO TOO DATA FNAAE9 
NEAD<2) 10»K9 
C CKECIC rON END OF FILE 

IFCIDtCO. 130090) 00 TO 40 
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NK>t 

BO 49 M«t»240 
9K9<li)»rtOAr(K9<M>> 

49 COMTINUK 

44 COMTIMUI 

KK9MR941 

ir<KKf .Of .919) 90 TO 40 

iOnii)«OK9<flO 

DBm?)«DK9<KK4t) 

00l(2l)»9f9<KK4‘2) 

0Pt<22)»DK9<KIC41> 

00t<24)«0K9(KK44) 

DB1<29>»0K9<KK4B) 

iO2<10>«0f9(KK44> 

002<I9>OK9<KK4T> 

DB2<2I)«BK9<KK40) 

D02l22)«0K9O(K4f ) 

Dr2<24)«DK9(KK4tO> 

0B2(29)«9K9<fK4n ) 
Dr](IO)»DI(9(ia(4l2) 
DBKIf)»DK90(Kn3) 
001<2t)*DN9(KK414) 
DB3C22)>DK9<KI(4I9) 
Df3<24)«DK9<fKfl4> 
DO3<39)«0K9(KK417) 
DO4<i0)»0K9<KK4ii) 

004<lf )>DK9<ICKilf ) 
0M(2l)-0K9(Kf42O) 
004<23)«0M<KK42t> 
0f4<34)>Df9(ICK42:;r> 
0O4(29)*0K9<KK423) 

Kf«fK434 

IDAT4U f Off )«OPI< JALT ) 

IOATA<2»KKf )»0f3(JALT) 
fDArA<3tfKf >»0B3< JALT) 

I0ATA<4»KKf )«094< JACT) 
ir<KK.0i.240) 00 TO 40 
00 TO 44 

40 CONTINUE 
C ClOOf FILE 

CALL CL09E(2> 

D«DT 

00 42 K«2»4 
OI«XDATA<Kf I) 

DO 41 1*2»912 
02«IDATA<KrI) 

X0ATA(K»X)«i24D0< 91-93) 

41 9I«92 

42 0-D4DT 

DO 79 XK«1»4 
90 70 JK>2fS12 

CNECK»(XDATA<XKf JR)-XDATA(XK» JK-1) ) 
ACNECRM99<CNECR) 
ir<ACHECK«LE.90. ) 00 TO 74 
XF<CNCCR)71»72i73 

71 XOATAdNf JN)«XDA7A(IR»JR-l)-90. 

00 TO 74 
73 00 TO 74 

73 XDATAnK»JK)«XDATA(XKf JR- 1)490. 

74 CONTINUE 

70 CONTINUE 

79 CONTINUE 

CALL FLOT 
00 TO 4 
9T0F 
END 
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i8 m mmr^ut 

30 KM TIMUW PIA..E-3 THPOiJOM IfJC^ fO»T 
^0 KM rt OH THC pet fOOl. IV'ftlimE TJ 
?0 (»EM PVLSE I'ITTm: ftfE 10 1? VID 

60 PEM -0 MICPOSECOHP-.-. iV‘Mun»l-E !"TEf- 
?0 WH KttSC PEPI0D3 «PE 6. )• 13.? ^ID 

30 PEM .0 MIUl'iFCOHDE. Tt€ rWCMIHE 
?0 »£(1 LrtMlV.WO£ fVOOlHW STPPTC III TVC 
100 PEM PIPi’T (^-.C-ETTE lUPrEP fl'ip rWV 
no PEM P'.fl* PIT; ’fC S£i OMO CftE’-ETTE *UP- 
120 PEM FE1>. 'MPlrtFU ICCPTIWS rtPE THE 
130 PEM LM';T ’ rtri'PEiiS. PI TMC sECOMC 
140 PEM CfljjCTTE EurrEP. T« KJICMIHC 
150 PEM LflHO!JOOE rcOOPftM PlW COWTIP- 
160 PEM 'HX'sUy PflLEC-rf P'Tt.PPUPTED »V THE 
iro PEM ',.;EP FV PPESSPtC' THE SPiVE P«R. 
ISO PEM lime.- PM0-Pt16 WE S?ED OH THE 
130 PEM ’.htP POPT rcP OU’’»'.iT. 

200 PEM 

250 PEN iTMPT i.l'iEP OUEPV 


260 PPIHT'-IOOW* 

2?0 PPIHT 
200 PPIHT' lOM 
230 PPIHT 

300 PPIHT"|##r'UL'iit :o 
310 PPIHT'lMIlirTM I' 
320 PPIHT"im».mp:po 
330 PP1HT"I0« -EL Tv' 
340 PPPi' 

350 PP IIP "••SKEW HOPE" 
360 IHPPT HI ir >V|. ' 

370 H»iVrC HI :a 
330 PEM 

330 PEM piITp'-i! 

100 PE': TOPE 


piTEPPULiE PEPIOD'MSEC' 


13. 3 


'0“ 


r*» 

r’ 


3C0 


I ?u$ 


tio fn«to>4 
420 

!30 3»C 

MO oosui r”4o 

150 ^EM 

♦60 REM $LO^V HRCK S I -24 

iro 

♦30 

430 s«e 

500 oa:uF 

510 h?En 

520 PE^^ 4L0»^D T‘: PUL3E MACK3 3 Mi 

530 Ot^ M 550 550 550 6:^0 C70 670 030- 0304 030 .■ 9904 

540 PEM ir- pml."E 10 UGECi 

550 1.1 -63t. 

560 H2-713 
570 S»0 

560 OOSUB 2740 

530 PEM SKIP DPTR STflTEMEnTS 


600 N 1*696 
610 U2«:'77 


620 S»1 

630 GOSUB 2740 
640 GOTO 1100 

650 PEM 4TJ: pulse 15 USECi 
660 PEM Sf.rr DRTfl STRTEMCfr 
670 fU»696 
660 M2-71S 
690 S«1 

700 GOSUB 2740 
710 Ml«6?6 
720 M2-719 
730 S*0 

740 GOSUB 2740 

750 REM SKIP* DRTR 5TRTEMEMT3 
760 Ml -696 
770 M2- 753 
780 3-1 

790 OOSUB 2740 
600 GOTO IIP"^ 

610 REM it). ^XSE 25 USECi 
620 PEM SKIP DflTR 5TRTEMEMTS 
630 Ml -696 
340 M2-742 
650 S-1 
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OOSUI 2749 ” 

979 tHHM 
999 H2»724 
999 S«0 
999 OOSUI 2749 

sil !5??sls"’ 9T9TEmms 

999 N2m724 

949 $•! 

990 OOSUI 2740 
990 OOTO 1220 

970 nn $Tx TVLse st uscc* 

»S 

1000 H2~77l 
1010 $■! 

1020 OOSUI 2740 
1030 N1-S9S 
1040 H2"724 

lose 3>0 

lOSO OOSUI 2740 
1070 OOTO 1220 

••-0"® W'WK* 5-74 

I'lOe Iu27is'' 

1110 N2>794 
1120 3*0 
1130 OOSUI 2740 
1140 OOTO 1270 

}}f® 5f« •!>< PW-SE 15 USEC4 

1 ISO Nl>720 

1170 M2-795 

1100 S-0 

1130 OOSUI 2740 

1200 OOTO 1270 

iMi Sf:,;;* 

1230 N2a0e0 
1240 s-e 
1290 OOSUI 2740 

1290 1J1"79S 
1300 112-019 
1310 S-0 
1320 OOSUI 2740 

iiX '»® enb 

1340 POKE 1014.150 
1390 POKE 1015,2 
13S0 POKE 1016,50 
1370 POKE 1017,3 
1300 OOTO 2570 

.»» »»^PP 6., «tc <R . 5 ,, 

1410 M2-O20 
1420 S-0 
1430 OOSUI 2740 

Hit end 

1450 POKE 1014,150 
1460 POKE 1015,2 
1470 POKE 1016,51 
1480 POKE 1017,3 
1490 OOTO 2570 

lilo ^oSr 

1520 N2-825 

1530 S-0 

1940 OOSUI 2740 

1550 REM SET HRCKl RMS END 

1560 POKE 1014,150 

1570 POKE 1015,2 

1980 POKE 1016,56 

*990 POKE 1017,3 

1600 OOTO 2970 

JEM OIPP 13.3 (TK 10>« 

1620 REM SKIP TO IPP 13.3 

1630 Nl-691 

1640 N2-715 

1650 S-1 

1660 OOSUI 2740 



UTO Ml-r^ 

1690 S«0 

iroo oosui :?4e 

irio nf^ SET MOCK I mv Etir 
ir;?0 POKE 1014. i?o 
irso POKE 1015 ;» 

1740 POKE 1016. 57 
1750 PCH,E 1017. 3 
1760 OOTO 2570 

1770 REM 41PP 13.3 MSEC ' TX 15>4 

1700 PEM SJ;IP TCI IPP 13.3 

1790 m-691 

1800 M2-715 

1810 S-l 

1320 OOSUB 2740 

1330 Nl-796 

1840 tC*827 

1350 f-0 

1860 OOSUB 2740 

1870 REM SET HMCKl MMD EMB 

1380 POKE 1014 150 

1390 POKE 101 5. 2 

1900 POKE 1016.53 

1910 POfE 1017.3 

1920 OOTO 2570 

1930 REM 4IPP 13.3 MSEC <TX 25-50 

1940 REM SKIP TO IPP 13.3 

1950 ni-691 

I960 M2-715 

1970 S«l 

1980 GOSUB 2740 

1990 Ml •801 

2000 N2-832 

2010 S*0 

2020 OOSUP 2740 

2030 REM SET NMCKl MNB EMP 

2040 POKE 1014.150 

2050 POKE 1015. 2 

2060 POKE 1016-63 

2070 POKE 1017. 3 

2080 OOTO 2570 

2090 REM 4 IPP 19.3 MSEC ax 10>4 

2100 REM SKIP TO IPP 13.3 

2110 Ml«691 

2120 M2-747 

2130 S-l 

2140 OOSUB 2740 

2150 m-795 

2160 M2-334 

2170 S-0 

2180 OOSUB 2740 

2190 REM SET H9CM MMD EMD 

2200 POKE 1014.150 

2210 POKE 1015 2 

2220 POKE 1016.66 

2230 POKE 1017 3 

2240 OOTO 2570 

2250 REM *IPP 19.3 MSEC TV 15>* 

2260 REM SKIP TO IPP 19.3 

2270 Ml -691 

2280 M2-747 

2290 S»l 

2360 OOSUi 2740 

2310 Ml«796 

2320 112*835 

2330 S»0 

2340 OOSUB 2740 

2350 REM SET HMCKl MNP EHP 

2360 POKE 1014.150 

2370 POKE 1015.2 

2380 POKE 1016.67 

2390 POKE 1017,3 

2400 OOTO 2570 

2410 REM OIPR 19.3 MSEC vTX 25-504 

2420 REM SKIP TO IPP 19.3 

2430 Hl»691 

2440 N2*747 

2450 S*l 

2460 OOSUB 2740 

2470 Nl-801 

2180 112*840 
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2490 ^ 

2000 OOSUB 2740 
zr^to nv^ scT HfKti r%MO erto 
POIl ldM.190 
2530 PO\E 1015 2 
254B POKE 1014 T2 
2550 POKt 10173 
25^ PCtl SET URirUfO PERlOP 

2570 PPINT"$trT WRITIMO PEPIOO IM I ‘60 5EC IM-Eir\im.8" 

2500 INPUT B 

2590 PEN RE«DV TO PUM 

2600 PPlNT**RENDV. PRESS rt^^• KEV TO PUN, " 

2610 GET «• IF «••**” THEN 2410 
2620 SVS^434' 

2630 IF PEEK ^ 594 1 3 '-251 Tf«n 2$90 
2640 T-ri 
2650 r-TI T 

2660 IF D.B TNtM OTTO 2650 

2670 GOTO 2620 

2600 PEN PEOO USEP OUEPV 

2690 GOTO 260 

2700 END 

2710 PEN 

2720 PEN 

2730 PEN OrtTrt PEND SUBROUTINE 

2740 FOR I-NI TO M2 

2750 REND 0 

2760 rP S-1 GOTO 2700 

2770 POKE I D 

27N0 \ 

2790 RETURN 
2800 REN 
2810 REN 

2820 REN 4imThKI2y^TlONB 

2830 DlTTN 120 160 - 255 ■ 140 . 67 . 232 

2040 DNTN 160 4. 140. 24^ 3 160. 6 1 40 242> 3 

2850 DNTN 160. 1 7 . 1 40 2 14 . 3 160* 251 

2860 DNTN 169. 0 I 41 . 79* 232 

2870 REN 4TINE H^KK 14 

2880 DNTN 204 26 232. 208. 3 100.248 3 

2890 DNTN 73. 131 73-255 234 .234 

2900 DNTN 234. 234 234 141 79- 232 

2910 REN 4TINE HNCN 24 

2920 DNTN 73 223 73.25? 234 

2930 DNTN 234- 234. 234. 234 <8 

2940 DNTN 40. 141 .79.232 

2950 REN 4TINE NNCKS 3-4 aO USEC'4 

2960 DNTN 73 223. 73 255 234 

2970 DNTN 141 .79. 232 

2980 DNTN 73 191 . 73-255 162- 10 

2990 DNTN 202 . 208 - 253 • 234 - 234 . 234 

3000 DNTN 141. 79 232 

3010 PEN 4TINE NNCKS 3-4 ' 15 USEC'4 

3020 DNTN 73> 223. 73*255 8.40 

3030 DNTN 141 79 232 

3040 DNTN 73191 73255 162.9 

3050 DNTN 202- 208 . 253- 234 . 234 . 234 

3060 DNTN 141. 79. 232 

30.-0 PEN 4TII« NNCKS 3-4 ^25 l'SEC'4 

3080 DNTN 73 223- 73.255 234.234 

3090 DNTN 234. 234 • 234 . 8 40 

3100 DNTN 141. 79. 232 

3110 DNTN 73. 191 .73 255 162.7 

3120 DNTN 202 208. 253 234.234.234 

3130 DNTN 141. 79. 232 

3140 PEN BTINE NNCKS 3 4 *.50 l^SEC'4 

3150 DNTN 73.223 73.255.162.7 202 

3160 DNTN 208. 253. 234. 234. 234 

3170 DNTN HI .79. 232 

3180 DNTN 73. 191 .73.255.234.234 

3190 DNTN 234.234.234 8. 40 

3200 DNTN 141.79-232 

3210 REN BTirC KNCK 5B 

3220 DNTN 73239. 73.255. 162. 32 

3230 DNTN 202* 208. 253. 234. 234. 234 

3240 DNTN HI - 79. 232 

3250 REM 4T1ME MNCK S9 

3260 DNTN 41.240 141.243 3 

3270 DNTN 173.245.3.72-40 169.0 

3280 DNTN 109 244 3 134. 1 41 . 244. 3 

3290 DNTN 41 . 15. 170- 173 244-3 

3300 DNTN 10. 141-244 3 6 104 
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3310 

3320 

3330 

3340 

3350 

33«0 

3370 

3300 

3300 

3400 

3410 

34iO 

3430 

3440 

3450 

34^0 

3470 

3400 

3100 

3500 

3510 

35:;o 

3530 

3540 

3550 

3500 

3570 

3580 

REOPV 


OOT« ^ 

MTO U; 17 i02 TOO ^53 
DOTH 141 ’'i».;3i 
9EM OTINl HOCK 7* 

WTO 73 73.J55 47 

WTO 30i ;*'0 r53 334 33 « 334 
WTrt HI 7'.* 333 
REM •tPP 'FILLER e.7 MVEC* 
IWTfl 163-330 303 3 40 0 40 
DrtTrt 0 40 30e 3«7 »06 »4* 3 
WTO 174 343 3 334 340 3 
WTrt 100 346 3 30 
REM 41PP f^ll-LER - 1..3 

WTO 140 343-3 loO 5 1 C.^.^51 

WTO 303 ^ IT€J> i09 ;^350 
WTR 136 303 ^.n , 

WTO 306 343 3-174 34* 3 .40 3 
WTO 108-346 3-03 96 
REM *IPP Fli-LER - 
WTO HO 343 

OOTO 303 3 40 8 40 *08 .4? 
WTO 136 303 346 3 40 8 40 
WTO ^34 334 334 173 343 3 .Ot 
WTO 343 3 174 343 3 340 . 

■ oe 96 


POTO 108 34t> 
REM 

REM THE EMP' 
REM 


1 


I 

> 


100 

4 


UMOUTINC PLOT 
lOL lOOTA 



lATA tTAt/lMi/otLAHK/lM /oDOT/lM./ 

0 4 l*ttSt2 
10 t JwtvtO 
*01NT( J)»iLANK 
»OtNTa>*DOT 
^OI»mt)-OOT 
»0INT(4t >*D0^ 

»0INt<4l>*D0T 
}Q 3 K«t»4 

.•f tOAT < J ) ♦ . 0 Jf 040 1 0414 < K 0 1) ♦ I . 

S N«J»t 
^0tNT(N>»0T44 
CONTINUI ^ 

44ITt(4»tOO> J>t*l»l*00) 

romi4T<iN oi04n 

CONTINUI 

NIfUNN 


fCTNIT 4 <l>»N 4 UT 0 fNC» 0 NI 
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APPENDIX VI 

CALCULATION OF SIGNIFICANCE LEVELS 

A •ignificance levels for the correlationa are calculated by the 

"t teat". 

A postetnotn. aignificance levels for the correlations are calculated 
by increasing the percentage value of the aignificance level required by a 
factor equal to the number of degrees of freedom divided by the total data 
series length (JULIAN. 1971, 1975). For example, in Figure V.IO, the a 
priori significance level of 2.5X reaulta in an a posteriori significance 
level of lOZ. 

The significance levels for coherence squared estimates were discussed 
by BLACKMAN and TUKEY (1938). The number of degrees of freedom of each 
estimate is approximately (PANOFSKY and BRIER, 1938) 

,ir . 

“J H 

where 

M •• number of lags 

N " number of samples 

The a priori significance levels of the coherence are given by PANOFSKY and 
BRIER (1938). The level of coherence squared 8 exceeded with a probability 
p is given by 

g - 1 _ pl/((c(//2) - 11 

For the a poatemori significance level, the probability p in the above 
expreasion should be replaced by the probability p', where p' • p{df/n ), 
and is the total number of data samples in the entire series (JULIAN, 
1975). 



J 


213 

REFERB«CES 

AUSTIN, C. L. (1971), A direct ■caiurine differential phase experinent, J. 
Atwoe. Terr. Phva.. 33 . 1667-1674. 

AUSTIN, G. L. and A. H. HANSON (1969), On the nature of the irregularities 
that produce partial reflections of radio waves from the lover iono- 
sphere (70 - 100 km). Radio Sci.. 4. 35-<0. 

BEAN, T. A. and S. A. BOHHILL (1973), Analysis of partial-reflection data 
from the solar eclipse of July 10, 1972, Aaron, ken. No. 55. Aeron. 

Lab,, Dep. Elec. Eng., Univ. 111., Urbana-Champaign. 

BBLR08E, J. S. (1970), Radio wave probing of the ionosphere by the partial 
reflection of radio waves (from heights below 100 km), J. Atmos. Terr. 
Phvs.. 32 . 567-596. 

BELROSE, J. S. and M. J. BURKE (1964), Study of the lower ionosphere using 
partial reflection, J. Geophvs. Res.. 69. 2799-2818. 

BEYNON , W. J. G. and J. C. WRIGHT (1969a), Ionospheric drift measuranents on 
adjacent aerial arrays, J. Atmos. Terr. Phvs.. 31. 119-133. 

BEYNON, W. J. G. and J. C. WRIGHT (1969b), The analysis of ionospheric drift 
data in the closely spaced receiver method, J. Atmos. Terr. Phvs.. 31 . 
593-596. 

BIRLEY, M. H. and C. F. SECHRI8T, JR (1971), Partial-reflection data collec- 
tion and processing using a small computer, Aeron. Ren. No. 42. Aeron. 
Lab., Dep. Elec. Eng., Univ. 111., Urbana-Champaign. 

BLACKHAN, R. B. , and J. W. TUKEY (1958), The Measurement of Power Spectra 
from the Point of View of Communications Engineering . Dover Publica- 
tions, Inc., New York. 

BRIGGS, B. H., G. J. PHILLIPS and D. H. SHINN (1930), The analysis of obser- 
vations on spaced receivers of the fading of radio signals, Pr t>c. Phvs. 


214 


gP-Cx, ,^3.. 106-121. 

BROWN, G. M. and D. C. WILLIAMS (1971), Preisure variations in the strato- 
sphere and ionosphere, J. Atmos. Terr. Phva.. 33 . 1321-1328. 

BUDDEN, K. G. (1961), Radio Waves in the Ionosphere . Cambridge University 
Press, London. 

BUDDEN, K, (1965), Effect of collisions on the formulas on magneto-ionic 
theory. Radio Sci.. 69D . 191-211. 

BURKE, M. J. and E. H. HARA (1963), Tables of the semiconductor integrals 

0p(X) and tueir approximations for use with the generalised Appleton- 
Hartree magneto-ionic formulas. Rep. 1113 . Defence Research Telecommu- 
nications, Establishment, Ottawa, Canada. 

CAVALIERI, D. J. (1976), Traveling planetary-scale waves in the E-region, 

J. Atmos. Terr. Phvs.. 38 . 965-977. 

CAVALIERI, D. J., R. J. DELAND, T. A. POTEMRA and R. F. GAVIN (1974), The 
correlation of VLF propagation variations with atmospheric planetary- 
scale waves, J. Atmos. Terr. Phvs.. 36 . 561-574. 

CHAMPION, K. S. W. (1967), Variation with season and latitude of density, 
temperature, and composition in the lower thermosphere, Space Res. 

VII . North-Holland , Amsterdam, 1101-1118. 

CHANDRA, H. and R. A. VINCENT (1977) , Radio wave scattering from the 
southern hemisphere D-region, J . Atmos . Terr . Phvs . . 39 . 1011-1016. 

CHARNEY, J. G. and P. G. DRAZIN (1961), Propagation of planetary-scale dis- 
turbances from the lower into the upper atmosphere, J. Geophvs. Res.. 
66. 83-109. 


CLARK, R. R. (1975), Meteor wind measurements at Durham, Mew Hampshire 
(43 N, 71 W), J. Atmos. Sci.. 32. 1689-1693. 



215 


COHEN, D. J. (1971), Modeling the D>region pertiel reflection experiaent, 
Penn. Stete Ren. 378 > lonoepheric Ree. Leb. , Penn State Oniv., 

Univereity ^ark, Penn* 

COHEN, D. J. and A* J. FERRARO (1973), Modeling the D-region partial-reflec- 
tion experiaent. Radio Sci*. 8 . 459-465. 

CRAVENS, T. B. and A. I. STEWART (1978), Global aorphology of nitric oxide 
in the lover E region, J. CeoDhve. Ree*. S3. 2446-2452* 

DA SILVA, L* C* and 8* A* BOWHILL (1974), An evaluation of the partial- 
reflection technique and resulte from the winter 1971-1972 D region, 
Aaron. Ren. No. 63. Aeron. Lab*, Dep* Elec* Eng*, Univ* 111*, Urbana- 
Chaapaign* 

DELAND, R* J* and D* J* CAVALIERl (1973), Planetary-scale fluctuations of 
pressure in the E-layer f-min, and pressure in the stratosphere, J* 
Ataos* Terr* Phvs*. 35. 125-132* 

DENNY, B* W* and S* A. BOWHILL, (1973), Partial-reflection studies of D- 
region winter variability, Aeron. Ren. No. 56. Aerou. Lab., Dep* Elec. 
Eng*, Univ* 111*, Urbana-Chaapaign* 

EDWARDS, B* (1973) (Ed*), Research in Aeronoay, October 1, 1971 - March 31, 
1973, Prott. Pen. 73-1 . Aeron* Lab*, Dep* Elec* Eng*, Univ* 111*, 
Urbana-Chaapaig' , 

EDWARDS, B* (1975) (Ed*), Research in Aeronoay, October 1, 1974 - March 31, 
1975, Prott. Ren. 75-1. Aeron* Lab*, Dep* Elec* Eng*, Univ* 111*, 
Urbana-Chaapaign* 

EVANS, J* V* (1969), Theory and practice of ionosphere study by Thomson 
scatter radar, Proc* IEEE. 57 . 596-530* 

FEDOR, L* 8* (1967), A statistical approach to the deteraination of three- 
diaensional ionospheric drifts, J* Geophvs. Res*. 72. 5401-5415. 


216 


FEJER, J. A. (19$5)t The interaction of pulaed radio wavea in the iono- 
•phere, J, Afoa. Terr. Phya.. 7 . 322-332. 

FELGATE, D. C. (1970), On the point source effect in the measurement of 
ionospheric drifts, J. Atmos. Terr. Phvs.. 32 . 241-245. 

FLOOD, W. A. (1968), Revised theory for partial reflection D-region measure- 
ments, J. Geophvs. Res.. 73 . 5585-5598. 

FLOOD, W. A. (1969), Reply, J. Geoohvs. Res.. 74. 5183-5186. 

FOOKS, G. F. (1965), Ionospheric drift measurements using correlaton analy- 
sis; methods of computation and interpretation of results, J. Atmos. 
Terr. Phvs.. 27 . 979-989. 

FRASER, G. J. (1977), The 5-day wave and ionospheric absorption, Atmos. 
Terr. Phvs.. 39 . 121-124. 

FRASER, G. J., B. B. LIM, G. K. FRISK and M. J. SMITH (1981), An association 
between mesospheric winds and electron densities, J. Atmos. Terr. 

Phvs.. 43 . 263-267. 

FRASER, G. J. and M. R. THORPE (1976), Experimental investigations of iono- 
spheric/stratospheric coupling in southern mid-latitudes - 1. Spectra 
and cross-spectra of stratospheric temperatures and the ionospheric f- 
min parameter, J. Atmos. Terr. Phvs.. 38. 1003-1011. 

FRASER, C- . J. and R. A. VINCENT (1970), A study of D-region irregularities, 
J. Atmos. Terr. Phvs.. 32. 1591-1607. 

FRASER, G. J. and D. S. WRATT (1976), Experimental investigations of iono- 
spheric/ ..tratospheric coupling in southern mid-latitudes - 2. Comparison 
of mesospheric electron densities and drifts with stratospheric tempera- 
tures and winds, J. Atmos. Terr. Phvs.. 38. 1013-1016. 

GARDNER, F. F., and J. L. PAWSEY (1953), Study of the ionospheric D-region 
using partial reflections, J. Atmos. Terr. Phvs.. 3. 321-344. 



217 


CCISLER, J. E. and R, E. DICKIN8(Ni (1968), Vartical Botions and nitric oxide 
in tha upper Baaoaphart, J. AtBoa. Tarr. Phva.. 30 . 150}-1S21. 

CELLER, M. A., 8. A. BOVHILL and G. C. HE88 (1977), A daacripCion of the 
Univaraity of lllinoia aataor radar ayatOB and aoBO firat raaulta, J. 
AtBoa. Tarr. fbya.> 39. 15-24. 

GELLER, M. A., G. C. HE88 and D. WRATT (1976), 8iaultanaoua partial raf lec- 
tion and Bettor radar wind oboervationa at Urbana, lllinoia, during the 
winter of 1974-1975, J. Ataoe. Terr. Phva.. 38 . 287-290. 

GELLER, M. A. and C. F. 8ECHRI8T, JR. (1971), Coordinated rocket Btaaure- 
menta on the D-region winter anonaly - II. 8odc implicationa, J. 

Atwoa. Phva.. 33 . 1027-1040. 

GOLLEY, M. G. and D. E. R08SITER (1970), Some teata of aethoda of analyaia 
of ionoapheric drift recorda laing an array of 89 aeriala, J. Ataoa. 
Terr, Phva.. 32 . 1215-1234. 

GREGORY, J. B. and A. H. MANSON (1969a), Seaaonal variationa of electron 
densitiea below 100 km at midlatitudea - I., J. Atnoa. Terr. Ph va.. 

31. 683-701. 

GREGORY, J. B. and A. H. MANSON (1969b), 8eaaonal variationa of electron 
denaitiea below 100 km at midlatitudes - II., J. Ataioa. Terr. Phva.. 

31, 703-729. 

HENRY, G. W., JR. (1966), Inatrumentatioa and preliminary reaulta from ahip- 
board meaaureBtnta of vertical incidence ionoapheric abaorption, Aaron. 
Rep. No. 13. Aaron. Lab., Dep. Elec. Eng., Univ. 111., Urbana- 
Champaign. 

HE88, G. C. and M. A. GELLER (1976), The Urbana meteor-radar aystem: 

Deaign, developaient, and firat obaervationa, Aeron. Rep. No. 74. 


Aeron. Lab., Dep. Elec. Eng., Univ. 111., Urbaua-Champaign. 



HESS, G. C. ano M. A. GEU.ER (1978), Urbana, aataor-radar obaarvationa 
during GRMWSP/CTOP parioda, J, At»o». Tarr. Phya.. 40 . 895-903. 
HINES, C. 0. and R. R. RAO (1^68), Validity of thraa-atation natboda of 


218 


datamining ionoapharic motiona, J. Atnoa. Tarr. Phva.. 30 . 979-993. 

HOLT, 0. (1969), Diacuaaion of paper by U. A. Flood, 'Reviaad theory for 
partial reflection D-region naeauranenta' , J. Gaophva. Rea.. 74 . 

517 9-5182. 

HOLTON, J. R. (1972), An Introduction to Dynamic Meteorology . Academic 
Preaa, New York, 1-319. 

JULIAN, P. R. (1971), Some aapecta of variance apactra of aynoptic acale 
tropoapheric wind componenta in midlatitudea and in the tropica, Mon. 
Weather Rev., 99 . 954-965. 

JULIAN, P. R. (1975), Commenta on the determination of aignificance levela 
of the coherence atatiatic, J. Atmoa. Sci. . 32 . 836-837. 

KANTOR, A. J. and A. E. COLE (1965), Monthly atmoapheric atructure aurface 
to 80 km, J. AppI. Meteorol.. 4 . 228-237. 

KINGSLEY, S. P., H. G. MULLER, L. NELSON, and A. SCHOLEFIELD (1978), Meteor 
winda over Sheffield (53“N, 2*W), J. Atmoa. Terr. Phva.. 40 . 917-922. 

KNECHT, T. W. (1966) (Ed.), Reaearch in Aeronomy , October 1, 1965 - March 
31, 1966, Prog. Rep. 66-1 . Aeron. Lab., Dep. Elec. Eng., Univ. 111., 

Ur bani* - Cham pa i gn . 

LABITZKE, K., K. PETZOLOT, and H. SCHHQITEK (1979), Planetary wavea in the 
atrato- and meaoaphere during the Weatern European Winter Anomaly 
Champaign 1975/76 and their relation to ionoapheric abaorption, J, 
Atmoa. Terr. Phva.. 41. 1149-1162. 

MADDEN, R. A. (1979), Obaervationa of large-acale traveling Roaaby wavea. 
Rev. Geophva. Space Phva.. 17. 1935-1949. 


219 


KADDEK, K. A. and P. JULIAN (1972), FurChtr avidanca of global-acalai )--day 
prat aura vavaa, J> Afoa. Sci.. 29. 1AAA-U69. 

HIDDEN. R. A. and P. JULIAN (1972), Raply, J. Atnoa. Sci.. 30 . 935-940. 

MAEHLUM, B. (1967), On tha 'vintar anonaly* in tha nidlatieuda D ragion, 

J.^ GaoPhya. *M.. 72. 2287-2299. 

HANSON, A. H. (1971), Tha concantration and tranaport of ninor conaticuanta 
in tha maaoapbara and lovar charaoaphara (70 - 110 km) during parioda of 
anomaloua abaorption, J. Atmoa. Tarr. Phva.. 33 . 715-721. 

HANSON, A. H. (1976), Stratoapharic-ionoapheric-^gnatoapharic coupling at 
midlatitudea in the aouthern hamiaphere, 1969-1974, J . Atmoa. Tarr. 
Phva.. 38 . 1017-1020. 

HANSON, A. H., J. B. GREGORY and C. E. MEEK (1981), Atmoapharic wavee ( 10 
min - 30 daya) in the oteaoaphere and themoaphere at Saakatoon (52 N, 

107 W), October 1978 - September 1979, Planet. Space Sci.. 6. 615-625. 

HANSON, A. K., J. B. GREGORY, C. £. MEEK and D. G. STEPHENSON (1978), Winda 
and wave motiona to 110 km at midlatitudea. V. An analyaia of data from 
September 1974 - April 1975, J. Atmoa. Sci.. 35 . 592-599. 

MATHEWS, J. D., J. K. SHAPIRO and B. S. TANENBAUM (1973), Evidence for 
diatributad acattering in D region partial-reflection proceaaea, J. 
GaoPhya. Rea.. 78. 8266-8275. 

MEEK, C. E. (1981), An efficient method for analyaing ionoapharic drifta, 
Atmoa. Tarr. Phya.. 42. 835-839. 

MEEK, C. E. and A. H. MANS(W (1978), Coopariaona batvaan time variationa in 
D-ragion vinda and electron danaitiea at Saakatoon, Canada (52 N, 

106 W), J. Atmoa. Tarr. Phva.. 40 . 1267-1274. 

MEEK, C. d., A. H. MANSCm and J. B. GREGORY (1979), Interna' conaiateice 
analyaia for partial and total reflection drifta data, J. Atmoa. Terr. 


220 


4i> 2M-258. 

MITIA, 8. N. (1949), A r«dio BCthod of Mosuring winds in tho ionosphtro, 
groc> iBitP. Bine. lonrs. III> 96. 441-446. 

NEUMAM, D. B. (1974), Diffnrontinl phnso volvat aodtl and uiplitudo Mtsuro- 
•ontt of partial raflaetiona, fann. Stata Eao. 426 . lonoipharic Raa. 
Lab., Pann. State UnW., Univeraity Park, Pann. 

OFFERHAN, D., P. CURTIM, J. M. CISNEROS, J. SATRU8TEGUT, H. UUCHE, G. ROSE, 
and K. PETZOLDT (1979), Ataioapharic t«parature atruetura during tha 
Waatarn Europaan Winter Anoaaly Canpaign 1975/76, J. Atwoa. Terr. 

Phva.. 41. 1051-1062. 

OGAWA, T. and Y. RONDO (1977), Diurnal variability of thenaoapharic N and 
NO, Jelfnjb, .§PR4f iS, 735-742. 

PANOF8KY, H. A. and C. H. BRIER (1958), So«a applicationa of atatiatica to 
wateorology . Tha Pannaylvania State Univaraity Praaa, Univeraity Park. 

PFISTER, W. (1971), The wave-like nature of inhomoganeitieo in the E-region, 
J. Ata>oa. Terr. Phva.. 33 . 999-1025. 

PHELPS, A. V. and J. L. PACK (1959), Electron collision frequencies in ni- 
trogen and in the lower ionoaphere, Phva. Rev. Lett.. 3 . 340-342. 

PIRNAT, C. R. and 8. A. BOWHILL (1968), Electron densities in the lower 
ionospharga deduced from partial reflection Beasurements, Aaron. Rap. 

No. 29. Aaron. Lab., Dap. Elec. Eng., Univ. 111., Urbana-Chaapaign. 

PITTEWAY, M. L. V., J. W. WRIGHT and L. 8. FEDOR (1971), The interpretation 
of ionoapheric radio drift BeaaursBanta - III. Validation of correlation 
analysia by coBputar aiBulation, J. AtBoa. Terr. Phva.. 33. 635-660. 

REES, D., A. F. D. SCOTT, J. M. CISNEROS, J. M. SATRU8TBGUI, H. WIDDEL and 
G. ROSE (1979), Ralationahipa between the local dynamical atructure of 
the atBoaphara and ionospheric absorption during the Western European 


221 

Wlnttr Aiumaly Cmptign 1975/76, J, Ataca. Ttrr. Phy#.. 41. 1063-1074. 

RODGERS, C. D. (1976), Evidence for the five-dey weve in the upper itreto- 
•Ph«r«, J.. AfPi. Sci.. 33. 710-711. 

ROSE, G. end H. WIDDEL (1977), An experiawntel contribution to the question 
of treneient couplings of tropospheric plenetsry pressure veves end 
chenges in the short weve redio weve sbsorption in the D-region of the 
ionosphere, J. Atmos. Terr. Phvs.. 39 . 51-56. 

SALBY, M. L. end R. G. ROPER (1980), Long-period oscillstions in the meteor 
region, J. Atmos. Sci.. 37. 237-244. 

8CHANING, B. (1973), Results of ship-borne ionospheric sbsorption messure- 
ments on the North Atlantic during winter, J. Atmos. Terr. Phvs.. 35. 
1003-1008. 

SCHUENTEK, H. (1976), Ionospheric absorption between 33 N end 53 8 observed 
on board ship, J. Atmos. Terr. Phvs.. 38 . 89-92. 

SECHRI8T, C. F., JR. (1967), A theory of the winter absorption anomaly at 
middle latitudes, J. Atmos. Terr. Phvs.. 29 . 113-136. 

SECHRI8T, C. F., JR. (1970), Interpretation of D-region electron densities. 
Radio Sci.. 5. 663-671. 

SECHRI8T, C. F., JR., E. A. HECHTLY and J. S. SHIRKE (1969), Coordinated 
rocket measuranents on the D-region winter anomaly - I. Experimental 
resulta, J. Atmos. Terr. Phvs.. 31 . 145-153. 

SEN, H. K. and A. A. WYLLER (1960), On the generalization of the Appleton- 
Hartree magnetoionic formulas, J. Geophvs. Res.. 65. 3931-3950. 

SPRBiGER, K. and R. 8CHMINDER (1969), On some relationships between corre- 
lation analysis and similar-fade analysis results of drift measurements 
in the lower ionosphere, J. Atmos. Terr. Phvs.. 31. 10P5-1098. 

8TR0BEL, D. F. (1971), Odd nitrogen in the mesosphere, J. Geophvs. Res.. 

I J- 

I 


222 


24., 838A-8393. 

STUSBS, T. J. (1973), Tha mcaauranenc of winds in the D-region of the 
ionosphere by the use of partially reflected radio waves, J . Ataos. 
Teir. Phvs.. 35 . 909-919. 

VAN LOON, H., R. L. JENNE and K. LABITZKE (1973), Zonal harmonic standing 
waves, J, Ceopbys. Res.. 78 . 4463-4A71. 

VINCENT, R. A. and T. J. STUBBS (1977), A study of motions in the winter 
mesosphere using the partial reflection drift technique. Planet. Spa ce 
Sci.. 25 . 441-455. 

VINCENT, R. A., T J. STUBBS, P. H. 0. PEARSON, K. H. LLOYD and C. H. LOW 
(1977), A comparison of partial reflection drifts with winds determined 
by rocket techniques - I,, J. Atmos. Terr. Phvs.. 39 . 813-821. 

VON BIEL, H. A. (1971), Determination of D-region electron densities within 
the scattering region, J. Geophvs. R»‘>s.. 76. 5365-5367. 

VOSS, H. D. and L. G. SMITH (1977), Energetic particles and ionisation in 
the nighttime middle and low latitude ionosphere, Aeron. Rep. No. 78. 
Acron. Lab., Dep. Elec. Eng., Univ. 111., Urbana-Champaign. 

WEILAND, R. M. and S. A. BOHWILL (1978), D-region differential-phase 

measurenents and ionisation variability studies, Aeron. Ren. No. 81 . 
Aeron Lab., Jep. Elec. Eng., Univ. 111., Urbana-Champaign. 

WHITTEN, R. C. and I. G. POPPOFF (1971), Fundamentals of Aeronomv . John 
Wiley and Sons, New York. 

WRATT, D. S. (1974), Atmospheric physics: Electron density variations in 

the mesosphere, Ph.D. Thesis . Univ. Canterbury, Christchurch, New 
Zealand. 

WRIGHT, J. W. (1972), The interpretation of ionospheric radio drift meas- 
urements - V. Demonstration of the point effect in the time-averaged 



223 


corrclatioDs and drifts calculations • J. Atsio s. Tsrr. Phys.. 34. 
1365-1379. 

WRIGHT, J. W, (1974), The interpretstion of ionospheric radio drift neas- 
urenents - VII. Diffraction methods spplied to E-region echo fading: 
Evidence of a focusing model, J . Atmos . Terr . Phvs . . 36 . 721-740. 

ZIMMERMAN, 8. P. snd R. 8. NARCI8I (1970), The winter anomaly and related 
transport ph'nnc.aena , J. Atmos. Terr. Phvs.. 32. 1305-1308. 



